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Abstract 
 
Local government agencies in Australia manage around 140,000 community buildings 
which provide essential services to the community. These are low- to medium- rise 
structures which often have varying functional requirements and usage. Building assets 
are the second largest asset group managed by local government. Efficient management 
of these assets requires understanding of the deterioration of building components, 
identifying effective condition monitoring methods, forecasting deterioration and the 
resulting maintenance expenditure, and decision-making considering risk, cost and 
sustainability throughout the life cycle of the assets. The current approach adopted by 
most councils is reactive decision-making based on condition data collected at a given 
point of time.  
Due to the large number of components forming a building, deterioration prediction for 
buildings can be complex. For example, the IPWEA publication NAMS (National Asset 
Management Strategy, 2009) uses a building hierarchy with 320 inspectable components 
for defining community buildings. Deterioration prediction of a building requires 
understanding of the deterioration of the components of buildings and the resultant effect 
on a complete building. This research presents a method of deriving building component 
deterioration curves using NAMS (2009) useful lives, percentage change in condition, 
and a five-level condition rating scheme adopted based on visual inspections. Using the 
proposed method, basic deterioration curves have been derived for 320 building 
components defined in NAMS using the reliability-based Markov Process. The curves 
were then validated using the condition data collected by a local council in Melbourne. In 
the next stage, relationships between deterioration trends and depreciation of the value of 
components were derived using data collected from local councils. Since the research 
focused on analysing deterioration trends at a component level, a facility condition index, 
which defines the overall building condition as a function of the condition of components, 
was developed. Furthermore, collected data, deterioration curves and cost templates were 
converted into an algorithm which was incorporated in the software tool CAMS 
developed by RMIT Civil Engineering. 
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Chapter 1: Introduction 
1.1 Background 
In developed and developing countries there have always been concerns about how 
infrastructure assets deliver their services to society. Different sectors of infrastructure, 
such as roads and other transport systems, water supply, waste disposal, energy supply, 
telecommunications and recreational networks and properties that are mostly managed by 
government, have always faced difficulties in delivering their services to society. 
Increasing societal demands, the improvement of living standards, social services, 
wellbeing and health in the light of new requirements to comply with stricter 
environmental and accounting regulations (sustainability) on one hand, and the ageing 
and deterioration of infrastructure assets and inadequate budgets for renewal on the other 
hand create more challenges. 
The main reasons for developing asset management systems for infrastructure are as 
follows: 
 Infrastructure networks are the foundations of economic and social development 
 Infrastructure and property assets cater for the most common needs of the community 
 High quality infrastructure is the key to improving public health and safety 
 High quality infrastructure mitigates potential adverse environmental impacts on 
society 
 Asset management practices improve the sustainability of infrastructure services 
 Bench marking  condition and performance promotes innovation and efficiencies 
(IIMM, 2006) 
In addition, significant aspect of service to community needs to be addressed in decision- 
making processes. 
The global importance of and need for sustainable socio-economic development demands 
an informed decision-making process for the built environment. Past research studies 
have used two approaches to informed decision-making. The first is optimising service 
life and the life cycle costs of infrastructure based on deterioration prediction (Madanat, 
Karlaftis et al. 1997; Sharabah, Setunge et al. 2007; Mohseni, 2012). The second is to 
assess the impact of sustainability throughout the design stage of a building or its 
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operation (Sinou, Kyvelou et al. 2006; Weerasinghe and Ruwanpura 2009; Kalutara 
2013) 
The International Infrastructure Management Manual (IIMM, 2006) defines the goal of 
infrastructure asset management as: meeting required level of service, in the most cost 
effective manner, through the management of assets for present and future customers. 
Hence, in asset management planning, two aspects need to be taken into consideration.  
First, it is necessary to ensure that an optimal investment can be achieved by appropriate 
renewal, maintenance, replacement, enhancement and disposing of buildings so that they 
can deliver the required level of services now and into the future at the minimal life cycle 
cost (Champion, 2009).  The second aspect is to keep abreast of the efficient management 
of the environment, economy and society throughout an asset‘s life cycle (Kyvelou, 
2006).  
In order to effectively respond to existing challenges, governments must allocate a 
sufficient and progressive budget to develop their service networks, while keeping 
previous networks serviceable. This places additional pressure on local governments. 
However, statistics provided by local governments indicate that, in the face of increasing 
demand for service from infrastructure networks, financial resources do not keep pace 
with the growing demand for maintenance and rehabilitation of deteriorating assets. 
Current research has been focused on community buildings in Melbourne, Australia. 
Local government agencies in Australia manage around 140,000 community buildings 
which provide essential services to the community. These are low- to medium-rise 
structures which often have a variety of functional requirements and usages. Building 
assets are the second largest asset group managed by local governments. The large 
number of community asset buildings indicates the level of expectation of services that 
need to be delivered to the community and the financial resources required for both the 
development and maintenance of existing assets. 
Municipal infrastructure management decision-making is inherently an integrated process 
that requires the assimilation of a multitude of data, processes, and software systems 
(Halfawy 2008). 
In order to achieve appropriate resource allocation for this sector, life cycle, 
serviceability, sustainability, maintenance cost and time and risk factors in addressing 
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both the short-term and long-term demands of the community should be considered in the 
decision-making process. Therefore, the deployment of an integrated asset management 
plan based on service life planning integrated into the design process has always been on 
the agenda.  
The objective of service life planning is to ensure,  as far as possible, that the service life 
of a building will equal or exceed its design life, while taking into account (and 
preferably optimising) the life cycle costs of the building based on  ISO15686 (2011). 
The service life of assets can be predicted and applied to a defined set of conditions 
which are required to be known, relevant and complete for the most important agents and 
components and it is possible to be modified when affecting by factors such as 
environment, quality, in-use condition and maintenance level. 
To evaluate the performance of assets, city councils conduct condition assessments based 
on visual inspections at defined intervals. Each city council has its own method for 
collecting the data and condition ratings that has been used for decision-making or 
allocating financial resources for the year of the data collection. This is reactive decision- 
making. Although their collected data will be helpful for financial considerations and 
keeping their assets serviceable, they are not currently used in forecasting and evaluating 
the future condition of their assets.  
The lack of condition data collection at component level is another challenge that makes 
the accuracy of the financial resources allocated unreliable. 
Considering the large stock of city council community building assets, it is clear how an 
integrated asset management plan based on the useful service life consistent with 
predictions of deterioration trends would be valuable. Because of the importance of the 
issue for local governments, improving the management of community buildings has 
become an important issue in recent years. Organisations such as the Institute of Public 
Works Engineering Australia (IPWEA) have taken valuable steps to introduce advanced 
asset management practices based on predictable methods that lead to proactive planning. 
RMIT University, in collaboration with industry partners, has undertaken a research 
program on advanced asset management practices in Australia. The work presented here 
is a continuation of a previous RMIT research project on asset management of 
community buildings. 
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1.2 Significance of the Research 
A review of previous research, and current methods used by Melbourne city councils and 
other related industries, produced a broad view of gaps identified in practice and 
knowledge in the fields of prediction of deterioration trends of assets at a component 
level, depreciation of values,  and maintenance and rehabilitation costs. These can be 
summarized as follows: 
 Analysing condition assessment reports provided by local city councils indicated that 
the current data collection methods for community buildings use discrete condition 
rating based on visual inspection (discrete conditions 1-5).  
 Based on previous research, it was noted that a method for analyzing deterioration of 
building components does not exist. Analysing the deterioration of a building at 
component level will lead to a more reliable estimation of the deterioration of the 
whole construction. In addition, the accuracy of maintenance and rehabilitation costs 
can be more reliable when decisions are made. Furthermore, understanding 
deterioration trends at a component level gives a broad view of risk areas before 
decisions are made.  
 No reliable forecasting tools for the deterioration of council buildings are available in 
published studies. The data collected by local councils were used for financial 
purposes and do not include standardized cost/depreciation data.  
 Risk of failure is not considered in decision-making. The current policy of local city 
councils is keeping their assets serviceable by allocating optimized financial resources 
for the rehabilitation and maintenance of their assets. The collected data are used for 
estimating the maintenance or replacement costs of their assets for the year when the 
condition data are collected, which leads to reactive decision-making. 
 Sustainability is not considered in decision-making. 
1.3 Aims of the Research 
The main aim of the current research is the development of a practical asset management 
framework for local council buildings consistent with advanced asset management 
concepts. This requires the following: 
 The development of deterioration models for building components 
 The creation of a relationship between deterioration trend and depreciation of value of 
assets/components 
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 The development of a facilities condition index which allows condition aggregation to 
determine building condition as a function of the condition of components. 
1.4 Research Objectives 
Since community buildings are a large group of assets managed by local city councils, 
current research has the potential to identify asset management deficiencies and assist in 
improving an integrated management model by: 
 Establishing deterioration trends in building components for community buildings 
 Validating proposed deterioration using case-study data 
 Developing a database of costs to facilitate optimisation of maintenance 
 Developing a methodology to integrate deterioration and cost to optimize maintenance 
requirements 
1.5 Scope 
The scope of the research can be defined as follows: 
 The division of typical community buildings into components for analysis 
 The derivation of deterioration curves for the components using published literature 
and other data. 
 The validation of the deterioration curves using condition or other data 
 The derivation of input parameters for cost optimization based on deterioration trends. 
 The understanding of costs associated with condition levels of buildings 
 The development of  a method for predicting the depreciation and maintenance cost 
for a given condition change 
 The validation of costs from council data.  
1.6 Research Questions 
The research questions can be summarized as follows: 
 What is the information required for the asset management of council buildings? 
 What are the most appropriate methods of deterioration prediction? 
 How can we establish the relationship between the deterioration trend and value of an 
asset? 
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 What is the rehabilitation and maintenance cost of an asset from a lower condition to 
better condition? 
 What would be a practical cost optimization method for community buildings? 
1.7 Deliverables 
The deliverables of the research can be summarized as follows: 
 The development of deterioration curves for buildings to enable the prediction of 
deterioration trends at different ages. Validation using data collected from industry. 
 The development of a relationship between the value of an asset and deterioration 
curves. 
 The estimation of the cost of the rehabilitation of assets from the current condition to a 
better condition. 
 The prediction of asset condition by considering the key asset elements. 
 The optimisation of the cost of condition data collection. 
1.8 The need for research 
Community buildings in Australia provide a diversity of services to local communities. 
These buildings are included but not limited to recreation centres, administration offices, 
aged care centres, kindergartens and playgrounds. They have been identified as the 
second largest asset class of infrastructure assets with over $200 billion investment value 
created over many generations (IIMM, 2011). It has been reported that almost 35% of 
Australian councils are not financially sustainable, with $14.6 million estimated national 
backlog (PWC, 2006). Increasing demands of society and the obsolescence and 
deterioration of current assets make it necessary to develop plans addressing both short-
term and long-term community needs. 
Considering the extent of the assets managed by each local city council in different areas, 
the need for an integrated decision-making model is clear. For this purpose, 
benchmarking required performance and condition assessment have always been two 
challenging factors when addressing the level of service. Moreover, the plan should have 
a systematic and strategic approach to building management, identifying maintenance 
requirements and capital investments.  Further, efficient management of the environment, 
the economy and society are other challenging aspects of asset management practices that 
need to be taken into consideration.  
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According to Mohseni, (2012) physical deterioration is the key trigger for financial 
investment in existing infrastructure assets. A good understanding of the service life and 
condition of assets/components significantly contributes to proactive decision-making.  
The current system used by local councils for condition assessment is based on visual 
inspections that require a vast amount of time and budget. A predictable method will not 
only contribute to assessing the current condition of assets but also assist in the 
determination of required maintenance and the residual useful life of the assets. 
During the service life of an asset, because of foreseeable and unforeseeable physical 
deterioration, maintenance and rehabilitation actions may be required. The efficiency of 
maintenance actions is not assessed during the service life of assets in current practice. 
According to ISO 15686 (2011), not all maintenance actions are consistent with service 
life planning. The maintenance actions should be justified economically.  
Information management is another problematic aspect of the current practice of local 
councils. Currently there is no agreement on the level of information and a hierarchy 
model indicating the common areas or components of buildings. A flexible and 
comprehensive hierarchy model of building is vital for optimizing the budget required for 
maintenance, replacement and rehabilitation purposes. 
Throughout the presented research, diligence has taken to address recognized needs of 
managing community building assets and developing advanced asset management 
framework. 
1.9 Outline of the thesis 
The outline of the presented thesis is as follows: 
Chapter One begins with the background to the research, and provides summaries of the 
aims and objectives and the contribution of the study to the existing body of knowledge. 
The significance of the research, the research questions and the reason for conducting the 
research are clarified. 
Chapter Two focuses on a review of the literature in relation to the information required 
for planning an integrated asset management framework. Methods for dividing 
community buildings into the most common components and the life cycle of each 
component are discussed and methods for predicting the deterioration trend are studied. 
Gaps in knowledge are outlined and the information required to address the identified 
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gaps is indicated, leading to the development of condition assessment methods and a 
deterioration prediction model using the Markov chain process.  
Chapter Three presents the sequential steps in addressing the defined objectives of this 
research and resources of information required. 
Chapter Four focuses on the method developed for buildings deterioration prediction in a 
component level and the validation of the method. 
Chapter Five indicates the financial aspects of the management of community buildings. 
The relevant implications and the development of a model for the depreciation of values 
of building components are also presented.  
Chapter Six presents the analysis of the condition of a facility as the function of its 
components. 
Chapter Seven defines the algorithm of a computer-based platform, the CAMS software 
tool, and the contribution of this research to the development of CAMS is presented. 
Chapter Eight summarizes the research pathway and outcomes of the research, indicates 
the constraints and provides recommendations for future research.  
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 Literature Review Chapter 2:
2.1 Introduction 
Asset management practices may vary from one organization to another and can be very 
simple or very complicated, depending on the organization‘s size, policy, strategic plans, 
financial constraints and serviceability, or a combination of these factors. The best 
approach to efficient asset management is to identify the factors that affect the delivery of 
the system, such as the policy of the organization, the deterioration trend of assets, 
condition assessment, decision- making, sustainability and level of customer service 
(IIMM, 2006). The more effective the identification of asset management requirements in 
community buildings the better the service provided by this sector.   
An initial literature review was conducted to identify key performance criteria and to 
capture the information required for managing assets in organizations, particularly in 
Australian municipal councils.  In addition, previous research and the latest studies on the 
improvement of the management of infrastructure assets were reviewed.  
First, the required information and the implications for an integrated asset management 
framework were identified. Strategic planning, policies, tactical planning and operational 
planning were covered in detail. The next stage focused on the classification of buildings 
and their components, analyzing deterioration trends, and forecasting methods. The 
influence of deterioration on the depreciation of value and the cost of rehabilitation were 
then considered. In order to provide a cost template for building components and for 
identifying the material and associated costs for replacement or maintenance of those 
elements, references such as Rawlinson‘s Construction Cost Guide (2013) were studied. 
The Australian Accounting Standard guidelines highlight standards and information on 
utilizing asset management systems to better address the long- and short-term demands of 
organisations. Current replacement costs, depreciation of value and life cycle costing 
were studied and benchmarked as essential factors for financial considerations. It should 
be noted that the goal of infrastructure asset management is not only to meet the required 
levels of service but also to address management in the most cost effective manner, 
considering present and future stakeholders‘ demands (IIMM, 2006).   
Because an aim of the present research is to analyse deterioration at building component 
level, identification of the key elements, services, assemblies and components forming a 
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building was studied.  Moreover, an aggregation method that can address the overall 
condition of a facility as a function of components‘ condition was developed.  Adequately 
addressing these requirements has  a significant contribution to the development of  an 
integrated asset management plan, and improvement in each defined area can lead to 
considerable benefits in accountability, risk management, service management and 
financial efficiency.  
The current research is focused on community buildings, the second largest group of asset 
networks in Australia. During the literature review, an attempt was made to recognize the 
most important factors influencing the management of community buildings and how 
these requirements can be integrated and improved by addressing the research questions. 
Because of the need for continuous improvement, the literature review continued to the 
end of the project. 
2.2  Asset Management Planning 
The scope of asset management activities extends from the establishment of an asset 
management policy and the identification of service level targets which match 
stakeholder‘s expectations and legal requirements, to the daily operational requirements 
to meet the defined level of service (IIMM, 2006). Asset management planning is the 
process of linking legal and stakeholder‘s requirements and expectations to the 
implementation of the optimum operational activities for the business. Each stage is 
underpinned by decision-making, monitoring and reviewing processes based on asset data 
and information systems. In fact, identification, assessment and control of risk need to be 
focused at all levels of asset management planning that result in the provision of all  
necessary data, for asset management strategy, policies, objectives, processes, plans, 
controls and resourcing..  
A typical asset management process is illustrated in Figure 2.1 
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                                      Figure ‎2.1 Asset Management Lifecycle (IIMM 2006) 
2.2.1 Strategic Planning (SAM) 
We live in a dynamic and continually changing world, and organisations are required to 
sustain and continue delivery of their services in a competitive environment. According 
to Kerzner (2002), strategic planning is a process of formulating and implementing 
decisions about an organisation‘s future direction. Strategic plans provide a horizon to 
long-term planning in order to develop the vision, mission and values of the organization 
during this period and evaluate optimum life cycle strategies. Environmental, social, 
sustainability and economic factors are parameters that can be introduced as strategic 
goals and the asset management planning process will need to be aligned with these 
parameters. 
2.2.2  Asset management policy 
According to IIMM (2011), an asset management policy with an asset management 
strategic plan provides a framework enabling the organization to attain its defined 
objectives, targets and aims. Each organization has its own policies and procedures to 
meet identified objectives that differ from one organization to another.  In defining the 
policies, appropriately addressing factors such as the size of the organization, 
stakeholders‘ expectations, legal requirements, financial constraints, safety and 
sustainability cannot to be ignored. 
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2.2.3  Tactical Asset Management planning (TAM) 
Tactical asset management planning involves the application of detailed asset 
management processes, procedures and standards to develop separate sub-plans that 
allocate resources (natural, physical, etc.) to achieve strategic goals  by  meeting defined 
levels of service (IIMM, 2006). Activities such as data management, including asset 
location, asset condition, life cycle cost, maintenance history, risk identification, 
assessment and control, setting management objectives, optimized decision-making and 
operational control, plans and procedures are to be addressed through asset management 
tactical planning. 
2.2.4  Operational Planning 
Operational plans provide a short-term horizon in order to compare an implementation 
plan with information over a 1-3 year outlook need to cover the following realms:  
1. Operational control measures to ensure delivery of asset management policy and 
strategy, legal requirements, objectives and required services. 2. Identification of an 
operational planning structure, authority and responsibilities. 3. Staffing issues such as 
training, awareness and competence. 4. Consultation, communication to/from 
stakeholders and employees 5. Information and data control. 6.  Emergency responses 
(IIMM 2006).  
2.2.5  Review and Continuous Improvement 
In order to assess associated risks and take corrective measures for possible 
improvements the performance, suitability, and effectiveness of all asset management 
activities needs to be monitored and evaluated. 
2.3  Asset Management Frameworks (Service life planning, SLP) 
Asset management frameworks in different organisations can differ even though they 
deliver the same service to the community. The framework for managing the facilities 
should be designed to be consistent with service life planning.  The objective of service 
life planning is to ensure that the estimated service life of the building or component will 
be at least as long as the design life (ISO15686 2011), and  can be applied to  both new 
and existing assets. For existing assets many options through their service life may have 
been introduced and predetermined. Service life can be summarized by assessing residual 
service life performance, maintenance, and rehabilitation and replacement measures. 
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Asset owners need to be able to determine required and optimized tactics such as 
maintenance, rehabilitation and replacement to keep their assets serviceable during their 
defined service life.  Based on a survey of different asset management frameworks in 
partner city councils, it became clear that they not only had different asset management 
frameworks in their organisations, but also their executive frameworks were different 
from one building to another.  In addition, they are required to address the current and 
future needs of the community. For these reasons, service life planning and lifecycle 
planning are appropriate for infrastructure asset management practices. 
Figure 2.2 illustrates an asset management framework suggested by ISO15686 (2011), in 
which influencing and input parameters in service life planning are presented.  
Another model presented in Figure 2.3 reflects the strong relationship of design and 
management practices (Campbell, Jardine et al. 2011). 
The complexity of a framework depends on different factors such as the size of the 
organization, level of information, financial considerations, legal and stakeholders' 
requirements, safety, serviceability and sustainability. 
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Figure ‎2.2 Input and influences on service life planning of buildings (ISO 15686, Part1)  
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Figure ‎2.3 Relationship of design and management practices (Campbell, Jardine et al. 
2011) 
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Figure 2.4 shows an overview of service life planning process suggested by ISO 15686-1 
(2011) Building and Constructed Assets-Service Life Planning. The diagram indicates the 
importance of forecasting of service life and per
Figure ‎2.4 Service life planning (ISO 15686) 
The International Infrastructure Management Manual (IIMM, 2006) presents two 
approaches to planning the asset management framework in organisations. Initially it may 
be undertaken to meet minimum legislative and organisational requirements for financial 
planning and reporting. This is known as the core approach and provides basic technical 
management outcomes (top-down). On the other hand, the advanced approach enables 
practitioners to strengthen asset management outputs by gathering asset information for 
individual assets to optimize activities and programs to meet defined standards (bottom- 
up). Refer to Fig. 2.5.  
 
                     Figure ‎2.5 Top-down vs. bottom-up approaches (IIMM 2006) 
 
Process of Service life planning 
Obsolescence Financial & Environmental 
Cost 
Forecasting 
Steps in design process 
Prediction based on test 
data 
Estimating Service life 
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Since a building is constructed from degrading materials and components, service life 
planning in accordance with the useful life of key components is more appropriate.  
However, service life planning (SLP) is usually restricted to cover a few typical 
environments or a single reference environment complemented by an analysis of the  
sensitivity of intensity variations of degradation agents (ISO 15686). 
It should also be noted that service life planning can only address foreseeable changes. 
2.4  Forecasting 
Throughout the service life planning process, there will be an endeavour to ensure that the 
estimated service life of a building or component will be at least as long as its design life. 
As the service life of assets or components cannot be determined accurately, forecasting 
using available historical data is typically undertaken. Forecasting assists in determining 
the optimum decisions on capital, maintenance and operational expenditure. At this stage, 
factors such as the environment, clients' requirements, legislation and financial 
constraints can also affect the process.  
Forecasting not only gives a broad horizon in initial stages of planning but it is also 
necessary to assess the defined objectives and performances of the assets during their 
service life. The review of previous work identified typical methods of forecasting and 
the influencing parameters. These parameters may  include,  but are not limited to,  
identifying a building hierarchy model, condition rating of an asset/component, 
deterioration prediction, depreciation of the asset‘s value, risk assessment, decision- 
making, maintenance and rehabilitation costing. These are discussed in the following sub-
sections. 
Figure 2.6 depicts service life forecasting at the design stage, as suggested by ISO-15686-
1. 
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Figure ‎2.6 Process of service life forecasting (ISO, 15686)-Design Stage 
2.4.1 Performance Requirements and Facility Condition Monitoring 
Defining the condition and performance requirements of assets are two main parameters 
for forecasting purposes. According to NAMS (2009), condition monitoring is a process 
in which the physical state of an asset can be evaluated and may or may not affect the 
performance of the asset.  
Performance is defined as the ability to address the required level of service and can be 
measured in terms of reliability, availability, capacity, and meeting customers‘ demands. 
(NAMS, 2009)  
For the following reasons a combined system of condition assessment and performance 
monitoring for facility condition assessment (FCA) has been recommended by IIMM, 
(2006): 
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 All management decisions regarding maintenance, rehabilitation and renewals are 
based on combination of defined levels of performance and acceptable conditions. 
 This system is the only reliable tool which can be engaged in the prediction of the 
remaining life of assets or their components 
 A successful monitoring system has great potential for preventing unforeseen failures 
of assets 
According to IPWEA (2009), the objective of a condition assessment is to provide 
sufficient information on asset condition to allow informed strategic asset planning and 
management decisions to be made. 
To achieving this objective, IIMM (2006) recommends that the following factors need to 
be taken into account during the process: 
 Assessment standards 
 Failure patterns 
 Rating systems 
 Condition rating outputs 
 Condition monitoring approaches 
 
Based on the IPWEA (2009) guidelines, FCA is underpinned by the following factors: 
 Physical inspection of a building to assess the actual condition of the building and its 
building fabric (linings, finishes, and fixtures) and plant and equipment (heating, 
ventilation, air conditioning, fire protection, lifts, etc.), in comparison with the asset 
owner‘s ‗inherent‘ or ‗intuitively determined‘ condition standard and eventually, the 
organization‘s level of service standards or quality standards 
 Identification of both short-term maintenance works and longer-term renewals or 
refurbishments required to bring the condition of the building fabric, plant and 
equipment up to, and maintain it at, the agreed condition standard 
 Ranking of these maintenance works and longer- term renewals in order of priority 
 Determination of actions by the assessors to mitigate any immediate risk until 
remedial works (or other actions) can be taken to address problems 
Routinely scheduled condition survey inspections for the planning of maintenance and 
repair of components of a building are recommended, and need to be uniform and 
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designed in a way to provide repeatable condition assessment results from different 
inspectors (Uzarski and Burley 1997). 
Condition ratings have two important outputs (IIMM 2011): 
 The determination of residual life and therefore effective life of an asset 
 The review, if necessary, of maintenance management programs in support of 
optimising the life of the asset or accepting greater risk 
Hence, condition rating systems play a vital role, and different methods of condition 
assessment have been developed, considering the circumstances and defined objectives of 
each organization.  The assessment methods vary widely in terms of their scope, the level 
of detail and their comprehensiveness (Peraza 2006). 
The NZ Infrastructure Asset Grading Guidelines – Water Assets (1999) in New Zealand 
and the Australian Conduit Condition Evaluation Manual (1999) have introduced a 
typical methodology for condition grading used for wastewater and drainage pipelines 
that can be developed for other infrastructure assets (Fig. 2.7).  
In most cases, condition assessment is based on visual inspections and each organization 
has its own classification for condition rating.  Condition assessment is defined as a 
technical inspection based on defined factors in order to evaluate the risk of failure when 
decision making (Mohseni, 2012).  Factors such as age, serviceability, environmental 
damage, maintenance cost, and deterioration affect the condition of a building during its 
service life and are related to the structure of a building or its finishes. The acceptance 
criteria of the condition of an asset are based on organisational policy and defined factors 
at the design stage. The limitations are introduced and then assessment is conducted 
based on the determined restrictions. Condition rating and assessment provides a horizon 
for inspectors and asset owners to make decisions before the failure of the assets.  
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Figure ‎2.7 Flowchart for both "top-down" and "bottom-up" methodologies 
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The most commonly adopted condition rating system across many asset classes is the 
basic 1 to 5 rating, where condition 1 is ―very good‖ or ―as new‖ and condition 5 is ―very 
poor‖ and ―approaching unserviceable‖. However, some organisations rate in reverse 
order, 1 being ―very poor‖ and 5 being ―very good‖. Either system is appropriate.   
Figure 2.8 depicts a six-stage rating model for rating the condition of construction and 
installation parts standardized in the German Infrastructure Guidelines (Vilhena, Pedro et 
al. 2011; BS 2767-1, 2011; NEN 2006).  
 
Figure ‎2.8 Condition Scale used in NEN (2006) 
 
The physical defects of an asset are one of the criteria that can be used in measuring 
deterioration. In this method, the severity of defects reflects the level of the condition of 
the asset.  Figure 2.9 presents a table in which the condition of an asset is evaluated based 
on physical damage.  
 
 
 
 
  
Figure ‎2.9 Condition based on physical damage 
Parameter Weighting Condition 
  5 
Failed 
4 
Poor 
3 
Fair 
2 
Good 
1 
Excellent 
Cracks/holes/buckling 70% >75% 30-50% 15-30% 5-15% <5% 
Peeling/evidence of 
moisture 
20% >50% 30-50% 15-30% 5-15% <5% 
Faded paint 10% >80% 30-50% 15-30% 5-15% <5% 
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Another parameter for condition rating suggested by IPWEA in the NAMS (2009) 
guidelines is the remaining useful life of an asset/ component, and presents a decay trend 
from the start of delivering the service to the community until replacement time. 
Although the obsolescence of a building can affect its condition, serviceability and 
functionality are parameters of useful service life instead of age. The model which has 
been developed in the NAMS.AU (2009) guidelines is discussed in the following sub-
sections. 
  
 
 
 
 
 
 
 
Consistent with organizational policy and when financial constraints are determinative, 
different  maintenance regimes and maintenance backlogs are top priority, and condition 
assessment can be carried out based on the proportion of maintenance cost compared  to 
the value of the asset. This is known as the Facility Condition Index (FCI). FCI can be 
used for mapping the condition of assets/components (see Fig. 2.11). In this model the 
efficiency of repair and maintenance actions are assessed in economic terms. 
 
 
Figure 2.10  Remaining life-Condition rating (NAMS. AU, 2009) 
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During the research, care was taken to analyze the useful life cycle of assets in detail and 
at component level. Although condition rating in detailed level is more accurate and 
sensitive, the complexity of the calculations increases the uncertainties and analysing the 
data collected by inspectors is complex.   
2.4.2  Building Modelling (Building Hierarchy Model) 
According to IIMM (2006), asset managers need to ensure that they understand the 
definition of an asset and what an appropriate hierarchy is, before embarking on any data 
development or enhancement. Asset owners need to provide a hierarchy model of their 
buildings by which they can define the level of information required to manage the 
information, risk assessment and decision- making. A detailed hierarchy model can assist 
in informing managers about risks in detail and the possible effects on the overall 
delivery of services. According to Morcous, et al. (2002), infrastructure facilities are 
complex structures that are made up of many components and sub-components, including 
sections, systems, assemblies and elements. Each of the components or assemblies has its 
own weight influencing the useful life of an asset. For example, the failure of structural 
components or assemblies may trigger replacement of the building.  In addition, since the 
best approach to  planning the asset management framework is life cycle planning, the  
useful life cycle of construction components should be predicted as precisely as possible 
to ensure good decision is making. From the data sheets provided by partner councils, it 
was clear that different hierarchy models had been deployed to address the management 
of community buildings. 
Therefore, for referencing assets deterioration, forecasting and the determination of the 
level of information required, a flexible hierarchy model is another essential factor.  Table 
2.1 presents a hierarchy model for building in which the components are categorized 
based on their accessibility and the difficulty of replacement, on the basis of the defined 
design life cycle (ISO 15686, 2011) 
Figure 2.11 Relationship between FCI and asset condition 
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Table ‎2.1 Minimum design life (ISO 15686 2011) 
The suggested hierarchy model is in a general form and stipulates the expected design life 
cycle for components under each category. 
Based on a preliminary study  of reports provided by asset owners to the present study 
and references such as partner city councils‘ condition assessment sheets although many 
similar components or elements form a building‘s construction, a hierarchy model of 
building components can be completely different. This makes the case more complicated.  
Figure 2.12 presents a sample of a hierarchical model provided by a local council in 
Victoria, Australia (City of Kingston. 2013). 
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Figure ‎2.12 Building hierarchy model (City of Kingston 2013) 
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NAMS.AU (2009), published by IPWEA, which is set of  reliable guidelines for asset 
engineers, divides  a building into 320 inspectable components with a brief specification 
of each component, its useful life cycle and introduces the  concept of criticality based on 
a number of  factors. Although this model covers most of the inspectable key elements of 
community buildings, it has restrictions that need to be improved in the future. For 
example, it does not cover all of the key components and there is a need to make 
estimations when assessing the condition. There is also a need for updating because of 
improvements of materials, manufacturing methods and advances in technology. 
The hierarchy model suggested by NAMS is a three-level hierarchy model that facilitate 
condition assessment in three defined categories: component group, component type and 
component. 
Figure 2.13 Modelling three level hierarchy level (NAMS 2009) 
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Table 2.2 is a sample of tree level building hierarchy which has been suggested by 
NAMS, 2009. 
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Figure 2.14 NAMS hierarchy model (2009) 
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Condition assessment can be not only based on detailed level of a building but also 
includes the functionality of spaces or the building. McDuling, Cloete et al. (2006) 
conducted condition assessment of buildings considering the levels (stories) of buildings 
or located blocks in accordance with the functionality of that area at that floor. For 
example, the condition expected of the roof of a concert hall, regardless of its material, is 
different from the condition expected of the roof of a parking lot. 
Building Information Modelling (BIM),  a process involving the generation and 
management of digital representations of the physical and functional characteristics of 
buildings , has been developed since 1970 and is  used for designing advanced modelling 
and engineering software. Using BIM goes beyond the phase of the planning and design 
stages of a project, extending throughout the building‘s life cycle, supporting processes 
including cost management, construction management, project management and facility 
operation. 
Hence, having an integrated hierarchy model based on the functionality, physical 
location, useful life cycle and type of material is advantageous for the condition 
assessment of a building. This is discussed later.  
2.4.3  Deterioration Trend 
The life cycle of a building has a decay trend, which begins from the acquisition of an 
asset to the date of replacement and is limited by the degradation of non-replaceable 
components (ISO 15686). One of the significant stages in asset management planning is 
condition assessment, which can be linked to deterioration monitoring. Sustainable 
management and new designs of public buildings for long-term performance require a 
good understanding of the deterioration process, which is a function of many parameters 
(Mohseni et. al.2012). The useful life cycle of an asset can be limited by degradation, but 
it does not mean the requirement for the replacement of component or the asset, unless it 
results in unacceptable performance and repair is not economically justified. Asset 
owners must be informed about their asset‘s condition and its performance, which are 
closely related to the deterioration of an asset. All decisions regarding maintenance, 
rehabilitation and replacement revolve around condition assessment and asset 
performance.  
It is also necessary to have a good understanding of the factors that accelerate or 
decelerate deterioration.  ISO 15686-Part 1 introduces many factors that can affect the 
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deterioration of buildings such as environmental effects or the application of chemicals 
that cause the reduction of the effects of these environmental factors. The effect of these 
factors is calculated by applying a co-efficient that affects the useful life of asset. 
As mentioned above, deterioration monitoring or condition assessment in the partner city 
councils has in the past been based on visual inspections at two- to five-years interval, 
based on ad-hoc methods and local knowledge. Although the current method of 
deterioration monitoring (visual inspection) gives the asset owners a view of the current 
condition of their assets, the expenses incurred and the time required are factors that 
cannot be ignored because of large stock assets. In addition, sustainability and 
proactivity, the two most significant objectives of asset management practices, have not 
been addressed. As a result, maintenance or replacement actions are taken after the failure 
of the asset/component.  
Moreover, there was no evidence of the identification of those assets which are under-
performing, ascertaining the reasons for performance deficiencies, determining the 
required corrective actions and recording asset failure. These are aspects should be 
addressed in advanced asset management techniques.  
The development of continuous condition assessment data can lead to predictive methods 
for analyzing deterioration trends and predicting the remaining life of assets. In fact, the 
objective of condition monitoring should be tracing the deterioration of an asset or 
component so that there is the possibility of optimizing the useful life cycle of the asset, 
considering risk factors before failure. 
Therefore, a reliable predictive method can not only significantly reduce the need for 
extra time and budget for deterioration monitoring, but also enable proactivity in 
decision-making processes, which is one of the aims of the present research. 
2.4.4   Deterioration Prediction 
Deterioration prediction for buildings has been always challenging in the management of 
building assets. A building is constructed from many elements, assemblies and services. 
The lack of reliable information regarding how they deteriorate and their effects on other 
components makes the situation extremely complex.  
Several methods have been developed and deployed for predicting deterioration for 
different structures.  These methods have been classified as deterministic models, 
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statistical models and probabilistic and artificial intelligence models (Morcous et al., 
2002), and are summarized in Table 2.3.   
 
Table ‎2.2 Deterioration prediction methods (Morcous et al., 2002)  
 
Irrespective of the advantages and disadvantages of the above techniques and models, the 
present research focused on the guidelines recommended by ISO 15686, Service Life 
Planning and IPWEA (2009). 
An attempt to develop the recommended guidelines in detailed and at component level is 
discussed in the following paragraphs. 
2.4.4.1  ISO approach- Service Life Prediction 
Infrastructure constructions are complex structures which are made up of many 
degradable components, sub-components, assemblies and elements.  
Hence, in order to achieve an acceptable estimate of the service life of a component, it is 
necessary to have a good understanding of degradation agents and their intensities.  
The procedure has been introduced as Ageing Exposure Programs in ISO 15686- Part 2 
and should be designed and related performances need to be introduced when estimating 
the service life of a component. Degradation factors or agents may have intensive effects 
on the service life of components.  Degradation agents, possible degradation mechanisms 
and how degradation can be accelerated or induced within ageing exposure programs 
should be identified and postulated (ISO 15686-2). It is even recommended to take into 
account agents related to occupancy and the significance of installation and maintenance 
 
Deterioration Prediction Models 
Model Deterministic  Stochastic/Statistical Artificial Intelligence   
Techniques 
•Straight-line extrapolation 
•Regression 
•Curve fitting 
•Markov Chain  
•Ordinal regression 
•Linear discriminant 
•Gamma process 
•Time-dependent reliability 
•Artificial neural networks 
•Fuzzy set theory 
•Case-based reasoning 
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practices. Degradation agents affecting the service life of components as recommended 
by ISO 15686 (2011) are summarized in Table 2.4. 
 
 
Table ‎2.3 Degradation agents affecting service life (ISO 15686) 
 
The next stage is pretesting of the postulates made regarding the characteristics of 
degradation agents and their effects on components. 
In the design stage of the exposure program it should be noted that component properties 
and degradation characteristics are stochastic variables. Hence, the program should be 
designed irrespective of type and include a multiplicity of specimens or objects to enable 
the statistical treatment of test data.  
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ISO 15686-Part 2 provides guidelines and a methodology for service life prediction and 
planning based on deterioration of components. These are presented in Figure 2.13 
 
 
Figure ‎2.15  Systematic approach for service life planning of building components(ISO, 
15686) 
 
Using this method, after identifying the critical building and determining the 
performance-over-time function and the corresponding performance requirement, the 
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performance service life of component (PSLC) is given as the point of time when the 
performance over-time function and the performance requirement intersect. The critical 
property is hat which will first fall below its performance requirement. 
Figure 2.14.8 depicts a hypothetical performance-over-time function. Performance 
characteristics are measurable physical quantities.  
 
Figure ‎2.16  Hypothetical performance-over-time function (ISO 15686) 
  
The method recommended by ISO 15686 can be developed by considering more factors 
that can impact the deterioration trend by applying different co-efficients (the factor 
method). According to Hovde and Moser (2004), the service life cycle planning of 
buildings was introduced in 1989 in the Japanese Principal Guide, which was followed by 
an English version by the Architectural Institute of Japan in 1993. The guidelines are 
based on    the following principles: 
 Evaluation of the physical deterioration  
 Evaluation of obsolescence 
The guide introduced the following parameters that can affect the deterioration of 
constructions: 
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a) Items relating to the inherent characteristics of performance over time:  
   1) Performance of materials  
   2) Quality of design  
   3) Quality of construction work  
   4) Quality of maintenance and management  
b) Items relating to the environmental deterioration factor:  
 1) Site and environmental conditions  
 2) Condition of building 
ISO 15686-1 calculates the Estimated Service Life of a Component (ESLC) by modifying 
the Reference Service Life of a Component (RSLC) and using the following equation: 
 
ESLC = RSLC× factor A × factor B × factor C ×factor D ×factor E × factor F × factor G 
 
Where, 
 factor A: quality of components 
 factor B: design level 
 factor C: work execution level 
 factor D: indoor environment 
 factor E: outdoor environment 
 factor F: in-use conditions 
 factor G: maintenance level  
These factors indicate the following characteristics:   
Factor A: Quality of component: indicates a co-efficient that is a measure of quality of 
supplied components on site such as design, material, manufacturer and assemblies. 
Factor B: Design level: measure of level of protection against degradation agents and 
reflecting the component installation. 
Factor C: Work execution level: This factor represents the skills and control of 
installation of components in site work. It is based on manufacturer guidelines and 
standards regarding the accuracy of implementation of the job including, storage, 
necessary protection, etc. 
Factor D: indoor environment: this factor is an internal environmental assessment for 
components‘ exposure to agents of degradation inside a building. 
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Factor E: outdoor environment: reflects the general impact of environmental degradation 
agents on components e.g., coastal or polluted environment. 
Factor F: in-use conditions: represents the evaluation that should be made based on the 
functionality of the area and occupancy of the building 
Factor G: maintenance level: reflects the maintenance level of those components that are 
likely to be not accessible. 
Although through the initial stage of service life prediction the data will be collected 
based on statistical information, this model is classified as a deterministic method. The 
factor method can represent a combination of factors from quality of materials, 
environmental impacts, and implementation of works to social values.  
As the current research focuses on community buildings, social factors are one of the 
important parameters that impact the degradation of the assets. 
2.4.4.2  Building Condition & Performance Assessment Guidelines for Service 
Life Prediction (IPWEA - NAMS 2009) 
The deterioration trend prediction method suggested by IPWEA (2009) is a function of 
condition and lifecycle. The condition rating system adopted is consistent with that of the 
IIMM (2006) and is based on five-level condition rating, in which condition 1 is the best 
condition and condition 5 is the worst. Many organisations use this rating model in 
reverse. The five-condition rating system is the most common condition rating system 
adopted across many asset classes. It is important that the condition is measured in an 
objective way to enable subsequent decision- making about the level of service being 
provided by the building asset (NAMS 2009). 
As mentioned previously, the method currently used in partner city councils is a linear 
method based on a deterministic model. Deterministic methods are those for which 
condition is predicted as a precise value on the basis of mathematical functions of 
observed or measured deterioration (Robinson, Danielson et al. 1998). 
The model developed by NAMS (2009) analyses condition data to predict when 
components need to be replaced or renewed, based on the deterioration function presented 
in Figure 2.15. 
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Figure ‎2.17 Remaining life-condition rating (NAMS. AU, 2009) 
 
This model also is a deterministic method based on condition data and fixed deterioration 
curves. NAMS (2009) confirms that the model has been proven to be a good planning 
indicator over the past decades in a number of different industries. 
As is clear from the curve, a component from the beginning to 55% of its remaining life 
is in very good condition, between 55%- 37% of its remaining life is in good condition, 
between 37% and 25% of remaining life is in moderate condition, below 25%  is in poor 
condition and then in  10% of its remaining life it is  in very poor condition. As with other 
deterministic methods, there is an observed and certain relationship between the variables 
that lead to the prediction of the deterioration of that element. 
Straight-line extrapolation, regression- based and exponential model curves are methods 
used for deterioration modelling in which the relationships between deterioration 
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variables are certain. Because of the simplicity of understanding of their  formulations, 
deterministic methods are  used, but there are  limitations. First, the deterioration of 
particular asset types can be formulated and predicted. Secondly, deterministic models 
neglect the uncertainty due to the inherent randomness of the infrastructure deterioration 
process and the existence of unobserved explanatory variables (Jiang and Sinha 1989, 
Madanat and Ibrahim, 1995). Thirdly, deterministic models predict the average condition 
of a group of assets, irrespective of the current condition and the condition history of 
individual assets (Shahin 1987; Jiang and Sinha 1989). Fourth, deterministic models 
estimate asset deterioration for the ‗‗no maintenance‘‘ strategy because of the difficulty of 
estimating the impacts of 23 different maintenance strategies (Sanders and Zhang, 1994). 
Fifth, they ignore the correlation among the deterioration mechanisms of adjacent asset 
components, such as among a bridge deck, girders and joints (Sianipar and Adams 1997). 
Finally, according to (Morcous et al., 2002a), these methods are difficult to update when 
new data are obtained. 
2.4.4.3  Probabilistic Methods – Markov Chain 
Probabilistic methods are those which predict the sequence of possible occurrences and 
uncertain outcomes. These models are developed based on stochastic data and rely on 
statistical information gathered by organizations during the service life of the data 
resources. As the probability of transition of an asset/component from one condition to 
another condition has not been recognized and will be a function of variables, it can be 
appropriate for modelling deterioration prediction. 
Of the probabilistic models, the Markov process has been used for time-dependent 
statistical models. The Markov Chain, which is a discrete-time Markov process, has been 
used in deterioration prediction in bridges (Madanat & Ibrahim, 1995) and sewers (Baik 
and Silverstein 2006). In 2007, Sharabah deployed a weighting model for building 
assemblies using the Markov process calibrated using data collected from Victorian city 
councils.  
The Gamma process is another statistical model used in time failure and rate of 
deterioration. It has been used on creep of concrete (Cinlar et al., 1977), fatigue crack 
growth (Lawless & M.Crowder, 2004).  
A previous research project conducted at RMIT (Mohseni, 2012) developed a 
probabilistic deterioration model based on condition data. However, the deterioration 
model focused on building component groups at a higher level due to the limited 
availability of condition data. 
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In the Markov process an asset/component can be in one of several conditions and can 
pass from one condition to another condition according to fixed probabilities. Hence, the 
process can be used in advanced asset management planning as a forecasting tool.  
Using the Markov process, it is possible to analyse the condition of an asset /component 
while it was in another condition or the same condition at a previous time (discrete-time 
Markov Chain). This means that the future condition depends on the present condition. In 
fact, random variables (conditions) can be collected at discrete points in time. In this 
method, if an asset/component is in state/condition i, there is a fixed probability, Pij, of it 
going to state j at the next time step; Pij is called a transition probability. The matrix P 
whose ij
th
 entry is Pij is called the transition matrix. It also consists of a set of set of finite 
state S (1,2,3,………n). Markov Chain should satisfy two conditions: 
Pij ≥ 0   , and  ∑ Pij≤ 1 
This means that if an element is in state i, there is a (Pii) probability that this element will 
stay in state i, and (1- Pii ) that it will move to the next state j.  
Present state at time t is i: Xt = i 
Next state at time t + 1 is j: Xt+1 = j 
Conditional Probability Statement of  Markovian Property: 
Pr{Xt+1 = j | X0 = k0, X1 = k1,…,Xt = i} = Pr{Xt+1 = j | Xt = i}  
Discrete time means t  T = {0, 1, 2, . . . } 
 
 
 
 
Figure ‎2.18 Typical Condition transition A-D 
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 State A State B State C State D 
State A 0.4 0.3 0.2 0.1 
State B 0 0.2 0.4 0.4 
State C 0 0 0.2 0.8 
State D 0 0 0 1 
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Figure ‎2.19 Typical Transition of Condition- Age  curves 
 
Figure 2.17 shows a typical transition matrix. The probability of an element being in a 
given state at a given point in time can then be depicted by the set of curves shown in 
Figure 2.18 
An initial distribution ‗v‘ is a single row matrix representing the number of elements in 
each state. In a Markov Chain after one time step the new distribution will be the result of 
multiplying the initial distribution v by the transition matrix P :  
Distribution after 1 Step:   vP 
The distribution one step later, obtained by again multiplying by P, is given by  
(vP)P = vP
2
 
Therefore distribution after 2 Steps =  vP
2
 
Similarly, the distribution after n steps can be obtained by vP
n 
P
2
 is the two-step transition matrix for the system. Similarly, P
3
 is the three-step 
transition matrix, and P
n
 is the n-step transition matrix. This means that the ij
th
 entry in P
n
 
is the probability that the system will pass from state i to state j in n steps.  
For the calibration of the transition matrix there is a need to r identify the condition and to 
introduce the probability of transition elements. One of the major challenges for 
calibration of the transition matrix has been providing condition data, consequently the 
probability of transition. Several techniques are used for the calibration of the transition 
matrix. They are as follows:   
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 Absolute value method (Mohseni 2012) 
 Combination of incremental model and ordered probity model (Madanat et al., 1995) 
 Percentage prediction method (Jiang et al., 1988) 
 Poisson distribution (Lerman and Gonzalez 1980) 
 Negative binomial distribution (Madanat and Wan Ibrahim, 1995) 
Although the Markov process, a probabilistic method, analyses the sequence of transition 
from one condition to another condition based on collected statistical data, there are 
limitations. 
The most important is that for the calibration of the transition matrix there is a need for at 
least three sets of consecutive condition data. In addition, no detailed data at component 
level have been available. As the current research focuses on deterioration at component 
level, there is a need for a method for providing the necessary data for the calibration of 
transition matrices for each component. This is discussed later.  
2.4.5  Financial Planning 
Financial planning and life cycle costing (LCC) have become serious issues in asset 
management planning for municipal councils. Because of the complexity of the 
information required for life cycle assessment (LCA), local councils face difficulties in 
addressing the issue. According to Glaumann, Malmqvist et al. (2010), Life Cycle 
Assessment (LCA) is currently used to a very limited extent in the building sector. 
Making an LCA evaluation of a building demands a specific tool to handle the large 
dataset needed, and this tool has to be adaptable to the different decisions taken 
throughout the life cycle of the building. In addition, since the results of a building LCA 
may contain complex information a great challenge is to devise efficient ways for 
communication of the results to users and clients.  
Hence, there is a need to standardize methods for the assessment of the sustainability 
aspects of new and existing construction work and for the development of standards for 
the environmental product declaration of construction products. One of these standards is 
CEN/TC 350 (Sustainability of construction works) which suggests the life cycle of a 
building as shown in the following table (Table 2.5): 
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Table ‎2.4 CEN/TC 350 (Sustainability of construction works)-life cycle of a building 
 
According to Jardine and Tsang (2013), asset managers who wish to address optimized 
decision making are recommended to consider four key decision areas, which are shown 
in Figure 2.18. 
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Figure ‎2.20 Life cycle value of the organization’s human and physical assets( Jardine 
and Tsang, 2013) 
Consistent with sustainability in asset management planning in community buildings, a 
long-term financial planning approach of at least ten years forward planning based on 
desirably twenty-year asset management plans  is strongly recommended by NAMS 
(2009). 
Budget constraints that typically impact the extent of remedial works can be undertaken 
in short-term planning, which is the current 12- month budget period. 
According to NAMS (2009) collecting data on condition- and performance-based 
assessment will assist in providing the following financial information:  
 Current (or Capital) Replacement Cost (CRC) 
 Depreciated Replacement Cost (DRC) (Fair Value) 
 Operational expenditure necessary to address ongoing operation and maintenance to 
deliver required level of service. 
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 Capital expenditure requirements for renewals, replacements and new construction 
and cost allocations. 
2.4.5.1  Current Replacement Cost (CRC) 
Current Replacement Cost (CRC), or Asset Replacement value (ARV), is identified as the 
cost of reconstruction of a building using modern equivalent assets. There are many 
advantages of providing the CRC for asset buildings. The common components that have 
been introduced in the Australian Building Components Guidelines, (2009) plus standard 
and special components are expected to have gross replacement costs of 45% to 55% of 
the CRC, depending on the type of building. Hence, not only the inspected components 
value of a building can be verified, but also the residual structure value that cannot be 
surveyed by inspectors can be estimated. 
In addition, CRC  can give a horizon for long-term expenditure; traditionally,  it is 
expected that expenditure associated with renewals, refurbishment and replacement will 
require between 1% and 1.5% of the building‘s CRC annually, averaged over the whole 
life cycle of the asset. 
The CRC is calculated by breaking down the building by areas or sectors that have 
different construction rates and specialized components, using building cost references 
such as Rawlinson‘s Construction Cost Handbook, (2013). For estimation of CRC, the 
Australian Accounting Standards Guidelines (2004) should be followed to achieve the 
best outcomes. 
Notwithstanding the significant contribution of building cost references in providing the 
CRC, it is necessary to use them accurately, considering the type and functionality of 
buildings. Most buildings have unique specifications which need to be addressed, 
particularly when providing the CRC. 
2.4.5.2  Depreciated Replacement Cost (DRC) 
Depreciation is defined as the systematic allocation of the depreciable amount of a 
physical non- current asset over its useful life (ISO 15686, 2011).  The Australian 
Accounting Standard Board (AASB116, 2004) divides the associated costs of assets into 
two stages: before acquisition and after acquisition. The depreciated amount is the 
acquisition cost, or other amount substituted for cost, less residual value. In Australia, 
under the Accounting Standards, most organisations are required to record the value of 
their assets based on fair value, which is the market value where a market price can be 
determined by registered valuers. One of the most important factors that can assist in 
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calculating the DRC is the determination of the useful life of the asset and is best at the 
component level. 
The most common and simplest way of determining the DRC value is considering the 
cost of replacing the asset/component at the date of valuation (CRC), less an allowance 
for general building degradation since the building was new, based on straight-line 
percentage reduction.  
The building DRC value can be calculated simply by the building‘s CRC multiplied by 
the ratio of its remaining life over its total useful life (NAMS 2009). Using the building‘s 
purchase cost (inflated to current day dollars) and considering a 50-year total useful life 
and remaining useful life, financial managers often apply a 2% depreciation rate at a 
property level. 
The Australia Accounting Standard Board (AASB, 2004) states that asset condition data 
can sometimes be used to indicate how the economic benefits embodied in an asset are 
being consumed over time.  
Although the straight-line depreciation method is very common and is the simplest way 
of determining DRC based on the current value of assets/components, it does not include 
performance requirements and cost of condition. 
Market value is a comparative procedure in which the valuer compares comparable 
properties which have been recently sold, and assesses the value of the subject property 
(Hollis 1991). These assets are assumed to be in one neighbourhood and in the same 
condition. The evaluation of buildings, especially those in poor condition, is not 
achievable by comparative methods because there are several components that are not 
visible and cannot be inspected by a valuer. Moreover, each building has its own 
specifications that will be completely different from neighbourhood buildings in terms of 
deterioration and defects.   
Hollis, (1991) recommends using the following equation when evaluating a building 
asset:  
                    
                            (
                          
                                           
) 
 
This can be written as:       (
 
 
)                                               
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Determination of depreciation of the value is a significant stage in financial planning for 
an integrated asset management plan. Methods that can evaluate an asset considering 
performance, condition and particularly in component level are more reliable (IIMM, 
2006). 
Performance-based depreciation assists entities in evaluating their assets considering 
variables such as maintenance cost, especially for individual conditions separately.  
Moreover, linking the two most important factors, deterioration and depreciation of the 
value, leads to a better assessment of risk factors and costs.  
2.5  Practical Asset Management Optimisation  
In previous sections an attempt has been made to identify asset management requirements 
and forecasting tools. The present research focuses on these requirements and tools in 
detail and at component level. Assessing the most important features of integrated asset 
management planning at component level is required by experts and accredited 
guidelines. When there are network assets, in order to optimize the analysis of asset 
construction at component level, the AASB (2004) recommends breaking down a 
construction not only to component level but also to segments. However, the level of 
asset detail at which decisions will be made greatly affects the results. According to 
IIMM (2006), the valuation at component level should be that at which the entity replaces 
the assets.   
The most common criteria for dividing network assets  i to sections are based on: 
 Date of initial construction 
 Dates of renewal or replacement of components 
 Nature and dimensions of materials used 
 Construction methods  
 Physical separation 
According the NAMS guidelines (2009) infrastructure asset owners must manage their 
assets considering sustainability so that they can estimate the residual life of their assets, 
and the cost of replacement and serviceability before replacement. It is necessary to 
manage assets effectively so that the customers and the community can take advantage of 
the balanced economic, social, cultural and environmental benefits. According to 
Mohseni (2012), there are several approaches to decision-making that can be classified as 
follows: 
 Based on financial criteria 
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 Multiple criteria 
 Risk- based  
Decision- making based on financial considerations is a conventional method in 
quantifying and costing buildings and making comparisons with defined beneficial 
criteria. This model can determine the risk factors by evaluating a single financial 
criterion or an aggregation of multiple financial resources. This method has been 
developed in a number of software tools for decision-making,  such as EPIQR and  
MEDIC (Flourentzou, Brandt et al. 2000), TOBUS (Caccavelli and Gugerli 2002) and 
MAR (Qbuild, 2003), which  provide the possibility of estimating costs of   maintenance. 
Multiple criteria decision- making is recommended in advanced asset management 
planning with a higher level of information. This enables decision-making beyond 
financial considerations based on social, environmental, safety, functional and cultural 
aspects, and should be introduced by asset owners. 
Risk-based decision-making models are used when decision makers face uncertain 
factors. In this model, both the consequence of failure and the probability of failure are 
involved in the decision-making process. The model can be developed as a probabilistic 
decision-making approach and has been used in different industries. Conventionally, risk 
factors can be evaluated using risk grids by scoring the criticality or cost of failure and 
the probability of failure separately (see Fig 2.20) 
 
 
 
 
Figure ‎2.21 Typical risk assessment grid 
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This model has been identified as a suitable model for risk assessment when decision 
making. 
2.5.1  Risk-based Decision-making 
In the last project conducted at RMIT, a risk-cost optimization method was developed for 
optimizing asset management in community buildings (Mohseni 2012).  
Generally, risk has been introduced as: 
 
Risk= Probability of Failure × Consequence of Failure (Cost of Failure) 
 
As mentioned previously, in service life planning, performance requirements and the 
current condition should be evaluated continuously during the asset‘s useful life. By 
defining minimum performance requirements, the risk of failure will be determined.  
Industries introduce performance requirements based on the condition of the assets. In 
fact, condition rating is a criterion for addressing the risk of failure. For example, from 
the report sheets provided by partner city councils it can be observed that the worst 
acceptable condition of a component may be 3, although they use a 5-level condition 
rating. This means that condition 3 of components has been recognized as a minimum 
performance requirement. For this condition, maintenance and rehabilitation measures 
need to be taken. As discussed before, the condition data are used primarily to determine 
the remaining life or replacement date. This means the worse the condition, the greater 
the risk.  However, financial constraints significantly impact on the definition of 
performance.  
Probabilistic methods for condition assessment developed in previous research at RMIT 
have been initiative models contributed in decision making process in which stochastic 
models for deterioration trend have been developed for assessing the risk (Mohseni, 
2012).  
One of the problematic features of analysing building assets with a high number of 
components is the aggregation of condition of components to provide the overall 
condition of the building. Each component has its own effect on the determination of the 
condition of an asset. Sharabah (2006) using city council data developed a percentage 
model for weighting the components, with a division of a building into five key 
component groups as follows: 
• Building Structure (30% of building weight)  
• Building Exterior (15% of building weight)  
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• Building Interior (25% of building weight)  
• Building Services (20% of building weight)  
• Building Site (10% of building weight) 
Average base condition has been used by Mohseni (2012) for the aggregation of 
conditions for a risk-based optimization model developed at RMIT University. 
The present research focuses on the Facility Condition Index in detail, in the form of a 
Component Condition Index, for optimising the condition of assets when decision- 
making. 
2.5.2 Facility Condition Index (FCI) 
The FCI has become a standard asset management tool used in reputable organisations to 
measure a ―constructed asset‘s condition at a specific point in time‖ (US Federal Real 
Property Council, 2008). It has been used to provide a benchmark to compare the relative 
condition of a group of facilities. It was developed by the US Navy and was first utilized 
as an index for determining building condition in the early 1990s by the US National 
Association of Colleges and Universities and quickly became the standard for post-
secondary institutions across North America. Recently condition index measures have 
been adopted by the US Federal Real Property Council, American Public Works 
Association, Council of Ontario Universities, Federation of Canadian Municipalities, 
health authorities, education ministries and social housing authorities throughout North 
America (BC Housing 2011). 
FCI is used in facilities management, primarily to support asset management initiatives of 
federal, state, and local government organizations, including universities, housing and 
transportation authorities, and primary and secondary school systems. 
FCI can be calculated as follows: 
 
                                                                    
                                                 
 
To calculate the FCI of a facility, practitioners need to quantify the cost of maintenance, 
repair and replacement deficiencies and the current replacement value can be estimated 
using CRC. The result is a monetary value placed on the asset by the asset‘s owners. 
There is also 
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0-5 %     FCI Asset is in good Condition 
5-10%    FCI Asset is in fair condition 
10-30 % FCI  Asset is poor condition 
a need for  a relative indicator, linking the FCI with the condition of components (see Fig.  
2.22) 
 
 
The FCI provides a professional method of estimation to determine the condition of 
components, assets and/or groups of assets. Increasing the FCI indicates: 
• Increased risk of component failure 
• Increased facility maintenance and operating costs 
• Greater negative impacts on staff and residents. 
In order to optimize the risk when decision-making, FCI can indicate the extent of risk. 
Risk has been identified as:  
                                                         
There is evidence of the use of FCI for the evaluation of associated risks in industries. For 
example, British Columbia Housing Management Commission, 2011 has a table 
illustrating the types of risks and impacts that can be expected when buildings are 
maintained at different FCI levels (see Table 2.21). 
It is also  possible to analyse  risk at  component level by weighting the severity of risks 
as  a function of social impact, time, criticality, environment and reputation,  and risk can 
be rated using  a 5-rating model. FCI is also an indicator of probability of risk. By 
multiplying these two factors it is possible to develop a risk analyser when decision 
making. 
In addition, each partner  local city council has many asset buildings (more than 200 in all 
), and  their building assets can be ranked considering FCI and geographical information 
using Geographic Information System (GIS), and  then prioritized for taking adequate and 
possible measures to  maintain the  required serviceability. Fig 2.24 depicts a sample of 
ranking of buildings assets geographically.  
Figure 2.22 Condition Assessment - FCI 
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Figure ‎2.23 Facility condition index and impact on component failure (British Columbia 
Housing Management Commission, 2011) 
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Figure ‎2.24 Building ranking considering associated risks based on FCI definition 
 
In the present research FCI is used, not only for assessment of the condition of 
components but also as a very effective tool for aggregation of the condition of 
components for estimating the overall condition of a facility. 
2.6  Summary 
After reviewing the literature, conducting research and gathering information from 
partner city councils in Melbourne, research gaps have been identified and a research 
methodology adopted. The gaps identified can be summarized as follows:   
 Condition assessments are used for reactive decision-making (discrete condition 
rating 1-5) 
 There is a lack of deterioration models for buildings at component level 
 No  reliable forecasting tools exist for the deterioration of council buildings 
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 Standardized cost/depreciation data are lacking 
 Risk of failure is not considered in decision-making 
 Sustainability is not considered in decision- making 
In the next chapter, the methodology adopted for addressing the gaps will be explained. 
The methodology is based on analysing the information required for planning an 
integrated asset management framework. 
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 Methodology Chapter 3:
3.1 Introduction 
Chapter 1 presented the objectives of the thesis and Chapter 2 established the gaps in 
current knowledge and the techniques adopted by previous researchers in addressing 
similar problems. These steps allowed the formation of the research questions and 
possible methods to answer them. This chapter outlines the research methodology 
adopted to answer the research questions and the data sources and types.  
According to Sekaran and Bougie (2010), six issues must be answered when planning a 
research study: the purpose of the study; the type of investigation; the extent of research 
interference; the study setting; the unit of analysis; and the time horizon.  
Since the purpose of the present research is the optimisation of asset management of 
community buildings, there was a need to understand and analyse key factors to be 
considered in managing community buildings. Based on the extensive literature review, 
the scope of the work to be covered to achieve the purpose of the research can be 
summarized as follows: 
 Capturing the information required for asset management planning purposes based 
on a defined framework 
 Identifying and addressing the gaps 
 Developing an optimized model for deterioration prediction for buildings at the  
component level (addressing one of the major knowledge gaps) 
 Derivation of depreciation of the asset value based on deterioration trends 
 Rehabilitation and maintenance costs from a lower condition to a higher condition 
 Finding an adequate case study and data for validation of the derived curves 
 Validation of the proposed method 
 Developing a method to determine the condition of a building as a function of the 
condition of components 
In consultation with industry and academic experts and informed by the review of 
literature, these issues were reinterpreted as the following comprehensive research 
questions: 
 What information is required for the asset management of council buildings? 
 What are the most appropriate methods for deterioration prediction? 
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 How can the relationship between the deterioration trend and value of an asset be 
established? 
 What is the rehabilitation and maintenance cost of an asset from a lower condition to 
a better condition? 
 What is a practical cost-optimisation method for community buildings? 
 How can the condition of components be aggregated to determine the overall 
condition of a building? 
The review of previous work indicated the gaps in knowledge, as summarized in the 
previous chapter. The methodology was developed further building upon the initial work 
of Mohseni (2012) and Kalutara (2013). Mohseni (2012) developed a building 
deterioration model for fifteen groups of components, based on data collected by six local 
government agencies, but found that the data were inadequate to develop the 320 
component level curves required for full understanding of building condition. Kaultara 
(2013) focused on sustainability-based decision parameters for community buildings. 
Mohseni et al. (2010) summarized the current practice of a number of Australian local 
government authorities, as shown in Table 3.1.  
 
 
 
 
 
 
 
 
 
58 
  
 
 
 Council #1 Council #2 Council #3 Council #4 Council #5 Council#6 
Condition 
 
Audits 
No 
 
Only building 
valuations 
UMS condition 
 
audits 
Yes, annually Yes Yes Yes 
Element 
 
Hierarchy 
N/A UMS hierarchy, 
 
Moloney‘s list 
Own hierarchy Own list of 
 
Elements 
Own hierarchy Own hierarchy 
Condition 
 
Rating Method 
N/A 0-10 Moloney‘s 1-5 1-5 
 
Condition audit 
manual 
1-5 
 
Detailed condition 
audit manual 
1-10 
Data Collection 
 
Method 
Visual inspection Visual inspection Visual inspection Visual inspection Visual inspection Visual inspection 
Other Maintenance 
 
audits and 
 
disabled condition 
audits available 
UMS element 
 
hierarchy mapped 
to Moloney‘s 
elements 
 Building material 
 
and age are 
considered 
Integrated 
 
condition rating 
Integrated 
 
condition rating 
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Table ‎3.1 Summary of Management Strategies of the Council Partners of the Project (Mohseni et al., 2010) 
 
   
 
Deterioration 
 
Prediction 
No No No Yes No No 
Cost forecast 
 
 
 
Overall budgeting 
 
and 
Moloney‘s 
model 
Moloney‘s model 
 
and CashFlow5 
In-house 
 
developed 10 
year renewal 
program 
Rules in PMS Based on 
 
integrated 
condition rating 
Based on 
 
integrated 
condition rating 
Decision 
 
Making 
Considers 
 
affecting factors 
Cashflow5 Model in progress Model in progress Committee- based 
 
prioritisation 
Model in progress 
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Figure 3.1 presents an overview of the research methodology developed to address the 
identified gaps in knowledge, and a step-by-step procedure to develop the full asset 
management framework is described in detail in the following sections.  
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Figure ‎3.1 Research Methodology 
 
 AASB: Australian Accounting Standards Board 
CCI: Component Condition Index 
FCI:  Facility Condition Index 
LC:  Life Cycle 
ULC: Useful Life Cycle 
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3.2 Information Required 
The information required to address an integrated asset management plan can be very 
simple or very complicated, depending on the complexity of the asset management 
framework, organisation size, financial constraints, and other factors explained in Chapter 
Two. After an intensive literature review and consultation with academic and industry 
experts, it was   concluded that the following are common and important requirements 
that need to be analysed to achieve more appropriate results:   
 Identifying the assets and their components, assemblies and services, as suitable for a 
building element hierarchy 
 Condition data collection methods and data 
 Deterioration prediction method, 
 Financial implications of deterioration 
 Integrated condition rating for buildings 
.  
3.2.1 Conceptual Framework for Asset Management 
Organisations have their own frameworks for achieving defined asset management goals. 
Although the frameworks may varying from one organisation to another or even from one 
building to another, the main structure of such a framework can be generic. The 
complexity of a framework depends on different factors, such as size of the organisation, 
the level of information, financial considerations, legal and stakeholders' requirements, 
safety, serviceability and sustainability.  
The most appropriate model for managing community buildings is a framework aligned 
with service life planning. This model not only responds to short-term needs, but also 
addresses the long-term demands of the community. The following issues need to be 
linked in an integrated framework, as discussed in Chapter Two: 
 Organisational policies,  
 Strategic planning  
 Tactical planning 
 Operational and  maintenance planning 
 Financial planning  
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 Continuous review and development 
Burn, Marlow et al. (2010) demonstrate the scales of life cycle planning, as shown in 
Figure 3.2.  
 
 
  
 
 
 
 
  
 
 
In previous research conducted at RMIT, a typical framework for asset management in 
community buildings was developed (Mohseni, 2012) and is presented in Figure 3.3. 
The framework depicts the relationship between different stages of asset management 
planning from classifying the buildings, the creation of a hierarchy model for critical 
components and gathering the information required, to deterioration prediction and 
decision-making considering defined factors such as functionality, economy, the 
environment and social factors. The efficiency of the model can be evaluated by one 
cycle of asset management (AM) planning after implementation. 
 
 
 
 
O&M: Operational and 
Maintenance 
TAM: Tactical Asset Management 
SAM: Strategic Asset Management 
Figure 3.2  scales of asset management (Burn, Marlow et al. ,2010) 
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Figure ‎3.3 Typical Service Life Planning Framework                                      
The framework illustrated in Figure 3.3 highlights six stages. 
Stage 1 stipulates a need for establishing a linkage between the building system and the 
components of a building. Community building systems are classified as different types 
of buildings, commonly Administration, Civic, Educational, Health, Aged care/child care, 
Offices, Parking, Recreational, Residential, Retail and Industrial. The detailed level of 
these buildings (components) may vary from city council to city council or even from 
building to building. Therefore, the adoption of a flexible hierarchy model for building 
components that can address the most common elements of a building is important.  In 
order to ensure that the useful life cycle of assets is at least equal to their design life, 
many items need to be maintained or replaced several times during the defined service 
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life. Therefore, breaking down a building to maintainable, replicable and repairable 
components may be in concordance with service life planning requirements. 
Stage 2 is another challenging phase in life cycle planning. Condition rating needs to be 
aligned considering parameters such as signs of deterioration, cost of repair and the 
failure mode that may be influenced by potential failure mechanisms. 
Stage 3 is concentrated on assessing the condition of assets using the condition rating 
scale defined in Stage 2. It can be implemented by visual inspections or destructive and 
non- destructive methods of condition assessment. 
Stage 4 represents deterioration prediction, another important phase for asset 
management purposes. In previous research, (Mohseni 2012) developed a predictable 
method in the component group using statistical data collected from Melbourne local 
councils.   
Stage 5 aims to forecast the cost of maintenance and replacement measures to ensure 
efficiency of the actions consistent with life cycle planning. 
Stage 6 highlights the decision-making process which is influenced by economic, social 
aspects, environmental and functionality factors. 
3.2.2 Common Components in Community Buildings (Building Hierarchy 
Model) 
Local councils have different types of building assets located in different areas. 
Deterioration trends may be significantly different depending on the type of building, 
location, social factors, maintenance and operational plans and functionality. In order to 
achieve the research goals and to be consistent  with defined asset management 
frameworks for community buildings, key components of the buildings must  be 
identified and the level of information required and the detailed level of components need 
to  be determined. 
In a comprehensive literature review different possible models were studied. A model 
proposed by the National Asset Management Strategy Australia (NAMS.AU 2009 
Guidelines), was identified as the closest possible model. The Guidelines divide a 
building into a three-level hierarchic model from ―component group‖ to ―component 
type‖ and ―component‖, and   include very useful information such as components‘ base 
lives and the concept of rating the criticality. These   were useful for addressing the 
research requirements.  
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3.2.3 Condition data collection method 
After reviewing practice in local government and published studies, a five-level condition 
rating system was adopted for the thesis.  The model has been used for comparing the 
state of building conditions with pre-defined performance metrics. The method of data 
collection is visual inspection to identify physical defects and deterioration. A full data 
set from the City of Melbourne was obtained for the research. The data set contains 
information relating to geographical details of assets, functionality, installed date, base 
life of components, age of the assets and state of condition.  Table 3.2 presents the 
definition of condition of assets based on a five-level condition rating. 
 
Table ‎3.2 Scale of Condition Rating  
3.2.4 Deterioration Prediction Methods 
Several methods have been used for deterioration forecasting in infrastructure assets. 
Deterioration prediction methods can be classified as: 
 Deterministic, 
 Stochastic/statistical 
 Artificial Intelligence 
The current method used in local councils is a deterministic-linear method that has 
significant limitations in comparison with other methods. Because of the limitations due 
to high scatter of data, it cannot be used as a predictive model to address service life 
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planning. The method developed in the present research is based on a combination of 
deterministic and probabilistic models. Initially, a deterministic model was developed, 
based on the useful life of building components given in NAMS (2009). Subsequently, 
the data captured from deterministic approach were used to derive the probability of 
changing the condition of a component from one stage to another to derive a Markovian 
model. Finally, when a full set of data were sourced from a local council, deterioration 
curves developed by present research were validated using the data. 
3.2.5 Financial implications of deterioration  
Corresponding to sustainability, a financial planning approach will assist in addressing 
both short- and long-term requirements during the service life of assets. Monetary 
valuation has been considered as one the methods for valuing the condition of assets. 
Engineering methods for condition assessment rely on physical deterioration considering 
the factors which accelerate or decelerate the trend. The development of a model 
combining engineered-based ratings and monetary-based assessments will enable entities 
to forecast the condition of their assets physically while tracing the financial resources for 
attaining predefined goals.  Analysing the data on the deterioration of local councils‘ 
assets provided the information necessary to adopt a methodology for financial planning, 
although each organisation was facing financial constraints that limited the extent of 
remedial works in the short term (a 12-month budget period). The information required 
for life cycle costing can be summarized using some key definitions such as current 
replacement cost (CRC), depreciation replacement cost (DRC) and depreciation of the 
value. These parameters have been used for: 
 Estimating maintenance and rehabilitation costs during the service life of assets and  
 Estimating the value of residual components that are not accessible by visual 
inspections  
 Calculating  the capital required  to replace the assets 
The current practice of partner city councils is to consider the market value for CRC and 
a linear method which is a function of age and value with a fixed discount rate for 
depreciation during the service life. 
The development of a method which assists in projecting the depreciation of asset values 
based on condition and estimating maintenance and rehabilitation costs is  another aim of 
the research which  will be discussed in the next chapters. 
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3.2.6 Derivation of Generic Deterioration Curves 
Using information from the NAMS.AU (2009) guidelines, 320 deterioration curves were 
derived for most common inspectable components in community buildings. The method 
adopted for the derivation of the curves was a deterministic model based on definition of 
a function of remaining life – condition which assisted in forecasting the condition of 
component throughout the life cycle of component. Similar to other deterministic 
methods, it has limitations, of which the most important is that ignoring stochastic events 
affects the anticipated service life of components and this needs to be addressed.  
3.2.7 Improving the accuracy of initial models using a probabilistic approach 
Using the base deterministic deterioration models, the likelihood of changing a condition 
from one level to another was established. These probabilities were then used to establish a 
transition matrix for the Markov process. Initial matrices developed were then optimized 
using the data collected by the City of Melbourne. 
3.3 Validation of the method (Curve fitting and Pearson Chi Square 
Test) 
For validating the method, different sets of partner city councils‘ data were evaluated. 
Through gathered information from city councils the most comprehensive data set form City 
of Melbourne was selected for validation.  Next, for evaluation of the conformance of the 
method with available data, statistical methods were used. 
Pearson Chi-Square test which is a statistical hypothesis test was used for testing the 
validation of the developed models. 
3.4 Linkage between Deterioration and Depreciation 
Physical inspections, deterioration prediction, analysing the factors that accelerate or 
decelerate deterioration and maintenance actions are engineering features of asset 
management practice. In advanced asset management practice, it is necessary to provide a 
financial plan for both short- and long-term planning. This is another important feature in 
asset management practices, the monetary-based approach. To better address asset 
management requirements, there is a need to generate linkages between engineering features 
and financial considerations, and these have been developed throughout the research. 
Depreciation of value was mapped to the deterioration trend of components, which enabled 
analyzing depreciation of value in detailed and component level. The set of data which 
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evolved from the deterioration model was used for analyzing the depreciation of components 
in respect of the Australian Accounting Standard Board (A.A.S.B, 2004).  
3.5 Cost for change in condition 
As a continuation of the procedure defined in the research methodology framework, at this 
stage it was necessary to provide a costing template in accordance with the functionality and 
serviceability of assets and for defined components.  Using available databases such as 
Rawlinson‘s Construction Costing Handbook (2013), and partner city councils‘ maintenance 
records, a comprehensive costing template was developed. Curves derived for depreciation 
of value were used for estimating the value of components at each condition to enables 
entities to estimate the maintenance, rehabilitation and replacement costs of components. 
3.6 Overall Condition of Facility 
The determination of the overall condition of a facility makes a significant contribution to 
the decision-making process. The overall condition of facilities is one of the criteria for 
adequate strategies for maintenance, rehabilitation and replacement. Considering the overall 
component condition as the term of the component condition index (CCI), it was necessary 
to adopt a method for providing the accumulated condition of a facility. A facility condition 
index was developed to address this gap in knowledge. 
3.7 Optimising the Asset Condition/Risks 
Analysing asset management practices in detail and at component level required a reliable 
method for the aggregation of component conditions and optimising the risk of failure. There 
was also a need to link the asset management framework with financial considerations in 
service life planning. This led to the development of a model for the aggregation of condition 
according to maintenance and replacement cost. The Facility Condition Index (FCI) that 
remarks the efficiency of maintenance actions based on value of the asset has been defined 
as: 
 
Facility Condition Index =             Maintenance, Repair & Replacement Deficiencies Cost 
                                                                                 Current Replacement value of the Facility    
The rate of FCI indicates the condition of assets and associated risks involving that 
condition. The rate of FCI that can be mapped in terms of the condition of facility was used 
as a factor for analyzing the risk of failure, which is cost-based risk assessment. Using the 
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curves derived for depreciation of value, the current replacement value of the facility can be 
calculated.  
Backlog maintenance, repair, rehabilitation and replacement costs can be estimated from the 
subtotals of the values of those elements which are under performance. By subdividing these 
two digits, the FCI can be calculated, which is the optimized risk benchmark based on 
financial considerations.  
The proposed application is introduced and discussed in detail in Chapter 6. 
3.8 Summary 
The research methodology developed to address the research questions can be 
summarized as below: 
 Information required for development of a comprehensive asset management 
system for council buildings was identified based on a comprehensive literature 
review, consultation with academic experts and consultations with partner 
council property managers. 
 To derive component level deterioration curves for council buildings, the 
following approach was taken: 
 A preliminary approximate curve was developed using NAMS (2009) 
useful lives and combining these with a five-level condition rating. 
 The preliminary deterministic curves were converted to probabilistic 
transition matrices 
 The transition matrices were optimized using the best-fit using a set of 
data collected by partner councils. 
 Deterioration curves developed for 320 components were validated based on  
statistical tests and industry consultations 
 A relationship between depreciation and physical condition was derived using the 
AASB (2004) guidelines. 
 Cost of refurbishment of components needed to change the condition of building 
components to a superior condition was derived using construction databases. 
 A facilities condition index was defined to aggregate the condition of the 
components to the facility condition. 
 The Facilities Condition Index was linked to the risk of asset failure. 
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 The input parameters derived for development of the full asset management 
system were incorporated in a software tool developed by RMIT researchers 
entitled ―CAMS‖. 
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 Deterioration Prediction of Building Components Chapter 4:
4.1 Introduction 
For the implementation of a suitable strategic asset management plan to produce a 
proactive maintenance and rehabilitation regime, a reliable approach to the prediction of 
the condition of assets is essential (Mohseni, 2012). In addition, deterioration prediction 
for more detailed components enables managers to better address the requirements for 
managing community buildings. Deterioration prediction of a building requires 
understanding of the deterioration of components of the building and the resultant effect 
on the complete building. The level of detailed components can be determined by 
recognition of inspectable, maintainable and replaceable elements, enabling practitioners 
to project the future condition of the assets and adopt appropriate strategies to address the 
parameters required for the operation and serviceability of properties.  The present 
research introduces a practical method for predicting the condition states at component 
level contributing to proactively addressing the risk of failure. The process of achieving 
the anticipated outcomes of this stage of the research is explained in the following 
paragraphs.  
The first step in the establishment of an integrated asset management plan for buildings is 
the decision on an acceptable building hierarchy, which allows division of buildings into 
elements. IPWEA (2009) has developed guidelines for building asset management in 
which a lowest level division of a building into 320 components is suggested.  
The second step in the efficient management of community buildings focuses on an 
acceptable condition rating model for assessing the current and the future state of the 
building and benchmarking the defined performance. Discrete condition rating based on 
regular visual inspection has been used for assessment of the condition of community 
buildings. Most partner local councils (LCs) use 1-5, 1-10 or 0-10 rating scales.  
The third step is the development of a deterioration forecasting model for components 
affecting the deterioration of facilities and making decisions proactively. This is currently 
a major gap in knowledge. IPWEA (NAMS.AU, 2009) presents a generic deterioration 
curve combined with useful lives for building components that can be used as a basis. 
However, deterioration prediction requires the analysis of data collected during visual 
inspections.  
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Since the method proposed by NAMS (2009) is a deterministic model for deterioration 
forecasting, integration with a probabilistic method may improve the reliability of the 
method. Therefore, the aim of the next stage was to develop a probabilistic model using 
data derived from deterministic methods.  
The last step outlines the care taken to verify and validate the method developed in this 
research.  
Generally, the work presented in this chapter presents the derivation of deterioration 
curves for the 320 building components used in NAMS (2009) using a condition rating 
scale of 1-5. Preliminary curves were derived using the NAMS guidelines and then 
converted to transition matrices for the Markov process, which allows the use of a 
probabilistic approach incorporating the stochastic nature of deterioration. After 
verification of the proposed method, the relationship between depreciation of value and 
deterioration is discussed in the next chapter. In addition, an aggregation method needs to 
be applied for the assessment of the overall condition of a facility when analyzing the 
assets in detail and at component level. 
4.2    Methodology adopted in deterioration forecasting 
The methodology adopted in deterioration forecasting of building components is 
summarized below. 
1. Selection of the building element hierarchy 
2. Analysis of the useful lives of components presented in NAMS (2009) to derive a 
generic deterioration curve based on a 1-5 condition rating scale 
3. Conversion of the deterministic curves to stochastic probabilities of condition 
change to define a transition matrix for the Markov process 
4. Derivation of transition deterioration curves  
5. Derivation of expected deterioration curves 
6. Regression-based optimisation of the transition matrices by comparing regression 
models derived using data collected and the expected curves derived from the 
Markov process 
The application of the methodology is explained in detail in the following sub-sections.  
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4.3     Building element hierarchy 
The first step in devising an integrated asset management plan is defining a flexible 
hierarchy model for categorising and breaking down the buildings into the most common 
inspectable and maintainable elements. A flexible model assists in analysing and 
forecasting building transformations at different levels considering the needs of 
organisations. Functionality is a criterion that can be applied in providing a hierarchy 
model. After the literature review and the analysis of reports provided by partner city 
councils, it was clear that the functionality of building assets has been always considered 
in decision-making by the councils. However, although the definition of functionality has 
been used for costing and estimating purposes, there was no evidence of the effectiveness 
of functionality on deterioration trends in the local agencies‘ reports.  Local city councils‘ 
assets can be classified as follows based on functionality: 
 
 Administration, Civic 
 Educational 
 Health 
 Hotels, Motels, Clubs 
 Offices 
 Parking 
 Recreational 
 Residential 
 Retail 
 Industrial 
Although the constitutional element of a building can be exclusive, to better address 
advanced asset management practice, determination of a hierarchical model including 
common components is vital. 
The IPWEA (2009) publication developed in consultation with a large number of city 
councils in New Zealand and Australia provides guidelines (Australian Building Component 
Guidelines – NAMS, 2009) in which the most common components of a building have been 
categorized into three levels: component group, component type and more than 320 
components, and for each component the useful life cycle has been introduced. At level 1, 
component group, there are 10 component groups, including electrical services, exterior 
works, external fabrics, and fire services and etc. Each of the elements of level 1 is broken 
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down into sub-components, as component type, which constitutes the second level. Level 2 
is divided into more detailed components which are mostly inspectable elements of 
buildings. The divisions are illustrated in Figure 4.1.The full list of components including the 
useful information required for life cycle prediction is shown in Appendix 1. 
ISO 15686 Part 2 (2011) recommends considering factors impacting the useful life cycle of 
assets, by multiplying coefficients to initial predicted useful life of an asset that can 
accelerate or decelerate the life cycle of components. On the following page the adopted 
hierarchy model developed by NAMS, AU (2009) is presented.
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Level 3 
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Figure 4.1 NAMS (2009) 3 level hierarchy model 
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4.4     Derivation of Curves Using NAMS AU (2009) Guidelines 
By predicting the useful life cycle of components, it will be possible to estimate the 
remaining useful life (residual life cycle is typically used in the water and pipe industries). 
Factors such as the climate, attributes of an asset, geographical specifications and 
functionality are variables used for the determination of an asset‘s remaining life. Based on 
the NAMS (2009) guidelines the concept of residual life cycle is illustrated in Figure 4.2  
Remaining Life = Designed life – Age at present time 
 
 
The condition of a component may be a function of the remaining effective life of an asset 
estimated from manufacturer manuals, reports, questionnaires and reliable references. In fact, 
deterioration prediction as a relationship between condition and age is possible when actual 
deterioration of material is gathered and analysed (NAMS 2009). 
Each organisation has its own policy for modeling and rating the condition of their assets and 
the definition of required performance can be determined based upon different factors, such 
as serviceability, financial constraints, safety, maintenance and functionality. Performance 
requirements can also be measured by comparing the current level of service with the 
planned target and can be linked to acceptable conditions, meeting standards, organisational 
policies and customer value. For defining the required performance and condition assessment 
a five-condition rating model was adopted, which is depicted in Table 4.1. 
Figure 4.2 Deterioration-Age Curve (NAMS 2009) 
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Table ‎4.1 Typical Condition Rating 
As stated previously, a five-level condition rating scale is adequate for benchmarking the 
condition of assets with high numbers of constitutional elements. Since the other most 
common rating scheme is 1-10, the mapping of other schemes to the selected scheme is 
considered to be acceptable. 
A typical set of curves derived using the above method is given in Figure 4.3. 
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Figure ‎4.3 Sample of Derived Deterioration Curves (derived by present research) 
 
Base Condition 5 4 3 2 1
40 life 35.6 30 25.2 18 0
Remaining life 4.4 10 14.8 22 40
Lower life 26.7 22.5 18.9 13.5 0
30 Remaining life 3.3 7.5 11.1 16.5 30
Upper life 44.5 37.5 31.5 22.5 0
50 Remaining life 5.5 12.5 18.5 27.5 50
Base Condition 5 4 3 2 1
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Remaining life 4.4 10 14.8 22 40
Lower life 28.48 24 20.2 14.4 0
32 Remaining life 3.52 8 11.8 17.6 32
Upper life 42.72 36 30.2 21.6 0
48 Remaining life 5.28 12 17.8 26.4 48
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Mechanical Services Switch Board
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4.5 Derivation of a preliminary Markov transition matrix using the 
deterministic estimates 
Using the above-mentioned guidelines, which are based on a deterministic model, 320 
initial deterioration curves were derived. As was stated in Chapter Two, deterministic 
methods have limitations and irrespective of statistical events produce the data based on 
precise and fixed relations between the variables. On the other hand, the Markov process that 
has been adopted for analysing deterioration as a stochastic model needs at least three sets of 
data for the calibration of the transition matrix, which were not been available in most 
partner city councils‘ databases.   Therefore, the data derived from initial curves that were 
produced based on a deterministic model were used for calibration of transition matrix in 
Markov process, which allows use of a probabilistic approach.  
The Markov chain, which is the discrete-time Markovian process, presents the stochastic 
process illustrating the sequence of phases moving from a condition to another condition 
through discrete time in an uncertain manner. In this model, future conditions are related to 
the present condition without considering previous conditions. In the Markov chain process, 
the sequence of moving from one state to another is identified through a matrix known as a 
transition matrix. The transition matrix presents a set of finite condition, (1, 2, 3, 4, 5,……..) 
and Pij, the probability of moving from condition i to condition j. 
The following provisions need to be considered for the calibration of the transition matrix in 
a Markov chain process: 
 A discrete-time Markov chain is said to be stationary or homogeneous in time, if the 
probability of going from one state to another is independent of the time at which the 
step is being made (Isaacson and Madsen 1976) 
 The summation of each row of probabilities in a transition matrix must be equal to one. 
 All entries must be non-negative 
In order to model the deterioration trend forming the transition or the probability matrix, 
denoted as P, is required. The general form of P is shown as:  
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                            P=  
 
This matrix presents the sequence of transition from a condition to other conditions in 
discrete time. By calculating the gradient of the initial curves derived using the NAMS 
(2009) guidelines in different conditions, the pace of moving from a condition to another 
condition is derived and used for the calibration of the transition matrix (P). The transition 
probabilities, Pij, indicate the probability of the portion of the asset/component which is in 
condition i moving to condition j in one cycle. 
The initial condition, defined as a vector ( ), can be considered equal to 1 or the current 
condition that can be the proportion of conditions. For t=1 the distribution of conditions is 
derived from Equation 4.1: 
   [              ]                 
      
           (4.1) 
Similarly for t=n                         
       
                 (4.2) 
a0: The vector of distribution of condition at time 0,  
P:  the transition matrix provided by calculating the slope of the initial curves 
n: time 
Another provision for simulating the deterioration trend is   Pij = 0 if i>j , which indicates 
the dependency of the current condition on a lower condition. Hence, P can be modified 
as: 
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                                             P=       
By multiplying the initial condition vector ( 0) by the transition matrix (P), another 
vector will be formed, which presents the sequence of moving from one condition to 
another condition at that time ( t). In order to derive probabilistic curves there is a need 
for two variables: t, time or age, on the X axis and condition, on the Y axis. For defining 
the condition at  axis,  ̅, the average condition, is calculated using Equation 4.3:  
 ̅          (4.3) 
C: is the condition matrix      
Using data from Equations 4.2 and 4.3, an S-shaped curve can be derived known as the 
Expected Curve. This curve is derived using data resulting from the Markov process, a 
probabilistic method calibrated with a condition distribution or a deterioration regime 
derived from the model developed by NAMS, which is a deterministic method.  
In order to minimize the discrepancy of two derived conditions, one from a deterministic 
model adopted from NAMS ( ), and the other from a probabilistic method explained in 
the preceding paragraphs (  ̅), Equation 4.4 (regression-based optimization) can be 
applied to achieve a better outcome. 
                                                                           
      ∑      ̅  
 
 
                      
(4.4)     
 
In the following paragraph an example of a selected component from one of the partner 
council‘s databases is demonstrated. 
Demonstration of Transition Matrix Calibration  
As discussed previously, a transition matrix represents the probability of moving from one 
state to another state or even remaining in the current state. Figure 4.2 depicts the sequence 
of deterioration recommended by NAMS (2009) for core approach planning and using 5-
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rating condition assessments, and presents the deterioration trend of an element from a 
higher condition to lower conditions during its life cycle. The curve can be broken down into 
four stages: condition to condition and each stage has its own equation respecting the trend 
of transition from one condition to another condition (Fig. 4.4). 
The co-efficient of X on each line is the slope or gradient of the line and reflects the 
transition trend from one condition to another condition. Using these coefficients, each line 
of an n × n matrix can be shaped. This is known as a transition matrix and represents the 
trend of transition from one condition to another condition. Whilst this is an approximate 
method, it addresses a major gap in decision-making at the component level. 
Deterioration Curves 
Once the transition matrix is developed, future conditions can be evaluated by multiplying a 
vector ― ‖, which presents the initial condition (e.g.   (1    0    0    0))  by the transition 
matrix (P). A table is formed representing the sequence of transitions from one state to other 
states during the life cycle of an asset/component.   shows the transition for the first year.  
By powering the transition matrix (P) by 2,3,4, etc. it is possible to provide the probability of 
condition transition for 2,3,4, etc. years. In fact,   provides the condition for year n. 
Using calculated data derivation of preliminary expected deterioration curves is possible for 
building components. These preliminary curves can be improved and modified after each 
stage of required inspections. 
Demonstration of the method 
More than 320 curves have been derived for community buildings, presenting the 
deterioration trend for elements. 
From information gathered by Kingston City Council (2012), the Fire service category has 
been selected to demonstrate the method. 
The condition rating based on remaining life (NAMS, 2009) is suggested as: 
Condition 1-2 = 100%- 55% of Remaining Useful Life  
Condition 2-3 =    55%-37% of Remaining Useful Life 
Condition 3 -4 =    37%-25% of Remaining Useful Life 
Condition 4-5 =     11%-25% of Remaining Useful Life 
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Table 4.2 presents the remaining life and condition considering the base useful life as equal 
to 43 years according to the NAMS (2009) guidelines: 
 
        
 
 
 
                                           
 
Using the above table for remaining life a typical deterioration trend curve was derived (see 
Fig. 4.4): 
 
 
 
By breaking down the curve to the lines representing the transition trend from one condition 
to another condition and converting the data illustrated in Figure 4.4, a transition matrix 
could be calibrated, as shown in Figure 4.5.  
 
 
Figure ‎4.5  Transition Matrix 
Condition 5 4 3 2 1 
Life (years) 38.27 32.25 27.09 19.35 0 
Remaining 
life (Years) 
4.73 10.75 15.91 23.65 43 
 Table ‎4.2 Remaining Life-Condition 
Figure 4.4 Deterioration Curve 
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16250 8937.5 6012.5 4062.5 1787.5
1 2 3 4 5
0 1 0 0 0 0 1
1 0.9483 0.0517 0 0 0 1.0517
2 0.899273 0.094058 0.006669 0 0 1.107396
3 0.85278 0.128417 0.017509 0.001294 0 1.167316
4 0.808692 0.15594 0.030678 0.004476 0.000215 1.231582
5 0.766882 0.177633 0.044843 0.009684 0.000958 1.300202
6 0.727235 0.194366 0.059058 0.016776 0.002565 1.373072
7 0.689637 0.206891 0.072674 0.025449 0.00535 1.449985
8 0.653982 0.215856 0.085264 0.035323 0.009575 1.530651
9 0.620171 0.221822 0.096568 0.046 0.015438 1.614713
10 0.588109 0.225269 0.106449 0.057099 0.023074 1.701761
11 0.557703 0.226615 0.114858 0.068271 0.032553 1.791355
12 0.52887 0.226215 0.121809 0.079221 0.043886 1.883037
13 0.501528 0.224376 0.127359 0.089701 0.057036 1.976343
14 0.475599 0.22136 0.131596 0.099518 0.071927 2.070815
15 0.45101 0.217393 0.134622 0.108528 0.088447 2.166008
16 0.427693 0.212667 0.136549 0.116629 0.106462 2.261501
17 0.405581 0.207344 0.137493 0.123759 0.125823 2.356898
18 0.384613 0.201566 0.137566 0.129889 0.146367 2.451832
19 0.364728 0.195448 0.13688 0.135015 0.167928 2.545967
20 0.345872 0.189092 0.135538 0.139157 0.190341 2.639004
21 0.32799 0.18258 0.133637 0.142352 0.213441 2.730673
22 0.311033 0.175985 0.131264 0.144647 0.237071 2.820739
23 0.294953 0.169363 0.128501 0.146101 0.261083 2.908998
24 0.279704 0.162764 0.12542 0.146777 0.285335 2.995277
25 0.265243 0.156228 0.122085 0.146744 0.3097 3.07943
26 0.25153 0.149788 0.118554 0.146069 0.33406 3.161341
27 0.238526 0.143469 0.114877 0.144821 0.358307 3.240914
28 0.226194 0.137294 0.111098 0.143067 0.382347 3.31808
29 0.2145 0.131277 0.107256 0.140871 0.406097 3.392787
30 0.20341 0.125432 0.103383 0.138294 0.429481 3.465004
31 0.192894 0.119767 0.099508 0.135393 0.452438 3.534714
32 0.182921 0.11429 0.095653 0.132223 0.474913 3.601916
33 0.173464 0.109004 0.09184 0.12883 0.496862 3.666622
34 0.164496 0.10391 0.088084 0.125261 0.518248 3.728855
35 0.155992 0.09901 0.0844 0.121556 0.539041 3.788645
36 0.147927 0.094303 0.080799 0.117752 0.55922 3.846034
37 0.140279 0.089786 0.077289 0.11388 0.578766 3.901069
38 0.133027 0.085456 0.073877 0.10997 0.59767 3.953802
39 0.126149 0.081309 0.070569 0.106047 0.615925 4.004291
40 0.119627 0.077342 0.067367 0.102134 0.633529 4.052596
41 0.113442 0.07355 0.064275 0.098249 0.650483 4.098781
42 0.107578 0.069927 0.061294 0.094409 0.666793 4.142913
43 0.102016 0.066468 0.058423 0.090628 0.682465 4.185058
44 0.096742 0.063168 0.055664 0.086918 0.697509 4.225285
45 0.09174 0.060021 0.053014 0.083288 0.711937 4.263662
46 0.086997 0.057021 0.050472 0.079747 0.725763 4.300258
47 0.082499 0.054163 0.048036 0.076301 0.739001 4.335141
48 0.078234 0.051441 0.045704 0.072954 0.751667 4.368378
49 0.074189 0.04885 0.043473 0.06971 0.763777 4.400036
50 0.070354 0.046384 0.041341 0.066572 0.775349 4.430179
51 0.066717 0.044038 0.039304 0.063541 0.7864 4.458871
After multiplying the transition matrix by the initial condition vector, a deterioration table 
was produced (see Table 4.3). 
                                                                                             
 
 
The last column in Table 4.3 shows the sequence of deterioration trends. By using 
information from the last column of each row showing the average condition (  ̅  
        ), the expected deterioration curve was derived (see Fig. 4.5). 
Table 4.3 Sequence of Transition 
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Figure 4.6 depicts the change in condition with age, without considering maintenance or 
rehabilitation measures. 
 
 
 
 
Typical Condition – Age curves 
Some condition-age curves are shown in Figure 4.7 that were derived using the method 
outlined above.  
Figure 4.7 Condition Transition Graph 
Figure 4.6 Expected Deterioration Curve 
 91 
  
 
 
                                                      
4.6 Validation of the Method Using Councils’ Data–Chi Squared Test 
A Chi-square test, or    test, is a statistical hypothesis test in which the sampling 
distribution of the test statistic is a chi-squared distribution when the null hypothesis is true. 
Also considered a chi-squared test is a test in which this is asymptotically true, meaning that 
the sampling distribution (if the null hypothesis is true) can be made to approximate a chi-
squared distribution as closely as desired by making the sample size large enough. The chi-
square (I) test is used to determine whether there is a significant difference between the 
expected frequencies and the observed frequencies in one or more categories. 
Validation of the method using the Chi-Squared test requires two sets of information: (1) the 
expected distribution or expected values (E) that were gathered by using the explained 
method of prediction of the deterioration trend for components and (2) observed values (O) 
extracted from one of the partner council‘s databases. 
The hypothesis can be tested manually or using software such as Excel. In the following 
paragraphs both methods are presented. 
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Figure 4.8 Samples of Condition-Age Curves (Markov Process) 
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4.6.1 Manual Chi-Square Test  
A database including sets of asset data of different ages was selected for the test. The five 
rating condition was selected to define the distribution of numbers of an element in a 
condition at different ages:                        
1                 2                     3                    4                         5 
From the database, a considerable amount of elements at different ages and conditions 
were selected for the test. 
Considering the age of the assets, expected condition of components based on the method 
developed by the present research were predicted and the number of those components 
were counted as Expected values (E). 
X
2
 value is calculated using Equation 4.5. 
   ∑
      
 
                    (4.5) 
As the five-rating condition was selected for classifying the elements, the degree of 
freedom was 4 (    ). The significant level for acceptance criteria was selected 
as:     . Considering       ,      the critical value (  
   can be provided by 
using the table of Chi-Squared test critical values. 
For not rejecting the hypothesis    value should be less than the critical value    
     
     
                      (4.6) 
For validation of the method it is important to note that the Chi-Square statistic    was 
significantly less than critical value (   
  ). Therefore, the hypothesis cannot be rejected. 
4.6.2 Chi-Squared Test in Excel 2010 
Using Excel software, it is possible to implement statistical analysis such as Chi-Square 
tests. First it is necessary to provide a table of observed and expected values individually. 
Thereafter, a cell is selected for Chi-Square probability and Chi-Square order will be 
selected for analysing the probability value. The software provides a value which is  
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defined as Chi-squared probability (  ). Comparing the values α=5%, and   , it is 
possible to reject or accept the hypothesis. The acceptance criterion is: 
                                                                      (4.7) 
Table 4.5depicts the Chi Square method for validation of 473 observations in more than 
200 buildings. 
 
 
Number of Samples Degree 
of 
Freedom 
   value α Critical Value 
in(Conventional Chi-
Square) 
P value in (MS Excel- 
Chi-Square) 
Cond.1 7 4 3.534 .05 9.488 0.485 
Cond.2 9 
Cond.3 105 
Cond.4 296 Reject Hypothesis Reject Hypothesis 
Cond.5 56 NO Yes NO Yes 
Total 473     
 
Table ‎4.4  Chi-Square Test Result 
4.6.3 Validation of the Method Using Councils’ Data – Comparison of model 
and observed data 
Another method adopted for validation of the proposed model was curve fitting. In this 
model regression-based curves were provided for more than 79 common components of 
Melbourne councils‘ data. The distribution of conditions of one component based on its 
age produced an optimized curve that signified the consistency of the deterioration trends 
with those provided by the research method. In the following figure some of these curves 
are presented. 
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Table 4.5 shows a sample set of data from City of Melbourne.
Figure 4.9  Samples of Curve-fitting agreement 
 95 
  
Table 4.5 Sample of selected data sheet for validation 
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4.7 Regression-based optimisation of Transition Probability Matrices 
Using City councils data  
As discussed previously, there are different methods for the calibration of transition 
matrices. One of the standard approaches is to observe historical data in which the 
probability of occurrence of a condition will be defined as Equation 4.8: 
                                                                             
   
  
               (4.8) 
    Number of elements or components that moved from condition i to condition j 
    Total number in condition i 
Using the transition probability matrix and after multiplying by the initial condition 
vector, the overall condition of that component   ̅  will be determined at different ages 
(Equation 4.3). Then, information from partner city council‘s database was used for 
derivation of deterioration curves for components using non-linear regression. After 
producing the equation of these deterioration curves it is possible to calculate the 
condition at different ages ( ). The best-fitted curve is that which can be derived using 
the minimized difference between          ̅. 
In cooperation with Solver algorithm in Microsoft Excel, using the generalized reduced 
gradient (GRG2) non-linear optimisation code, the differential between conditions 
evolved from regression-based data and probabilistic data are minimized. 
                                                                           
      ∑      ̅  
 
 
                      
(4.9)     
 
Figure 4.9 presents the process to optimize the regression curve with the probabilistic 
curve for one of selected components. 
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Figure ‎4.10  Condition optimisation 
 
 
 
   
 
                 Initial transition Matrix                              Optimized Transition Matrix 
4.8 Summary 
 In this chapter, the application of the deterioration prediction of building components 
was introduced. Using the NAMS (2009) guidelines, 320 deterioration curves have been 
derived for the most common inspectable components of buildings. Information from 
these curves was used for the calibration of the transition matrix in Markov process for 
development of the probabilistic models. To check the reliability of the method validation 
was required. Using City of Melbourne data, the information required was gathered and 
using the Chi-Square test the authenticity of the hypothesis was proved. In the final stage 
and for the best practice there was a need to minimize the conditions from the 
deterministic method    and the probabilistic method   ̅̅ ̅. For optimizing the 
probabilistic and deterministic methods a computer-based optimization algorithm was 
developed and applied. 
 
 
0.766882 0.177633 0.044843 0.009684 0.000958
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0 0 0.340154 0.438814 0.221033
0 0 0 0.403488 0.596512
0 0 0 0 1
0.784382 0.215618 0 0 0
-1E-06 0.59682 0.403181 0 0
0 -1E-06 0.356447 0.643554 0
0 0 -1E-06 0.020206 0.979795
0 0 0 0 1
 98 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 99 
  
 Relationship of Diminution of Building Value to Chapter 5:
Deterioration 
5.1 Introduction  
 In building asset management, financial reporting requires the determination of the 
diminished value considering the existing defects. This value is used in understanding the 
current value of the building stock. Irrespective of criteria such as inflation, the indicated 
life cycle and consequently the value of an asset has a downward trend with time. As 
mentioned previously, a building asset is constructed with a variety of degradable 
materials and components and the ageing of these elements can affect the performance of 
a building. Impairment of physical condition due to physical deterioration can be curable 
or incurable (Brueggeman and Fisher, 2010). Curable deterioration refers to those defects 
which are repairable with maintenance, and the associated cost must not exceed the 
benefit to be realized by the cured deterioration (Department of Taxation and Finance, 
DTF, 2001). In asset management, curable deterioration is often expressed in terms of 
deferred maintenance. Therefore, diminution of value is a very important factor for asset 
owners who pay tax on their income, and depreciation can be claimed as a cost. For 
enhancement of the serviceability of assets, owners are required to ensure the 
effectiveness of essential maintenance and ascertain the need for rehabilitation and the 
time for replacement. Government organizations must include the valuation of their 
properties in their financial reports. Diminution of value is calculated based on the current 
value of an asset. Associated costs, at different stages of the life cycle of assets are 
depicted in Figure 5.1 (ISO 15686-Part 5, 2011). 
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Figure ‎5.1 Simplified asset life cycle (ISO 15686, 2011) 
It is obvious that measures such as renovation and development will increase the value of 
the construction and are not considered for life cycle planning. According to ISO 15686- 
Part 5 (2011) values can be derived from:  
a) a direct estimation based on known costs and components; 
b) historical data from typical applications; 
c) models based on expected performance, averages etc; and 
d) best guesses of future trends in technology, markets and applications. 
For each category of costs, whether it is a cost of an element or a detailed cost category, it 
is recommended to provide a time profile of when the cost occurs or when life costing is 
expected to be carried out. ` 
As far as can be determined from partner councils‘ databases, most valuations, 
maintenance and rehabilitation have been based on comparative methods, known as fair 
value. The Australian Accounting Standard Board (AASB, 2011) defines fair value as the 
price that would be received to sell an asset or paid to transfer a liability in an orderly 
transaction between market participants at the measurement date.  
There is a requirement to use techniques and methods for measuring fair value that 
maximize the use of relevant observable inputs and minimize the use of unobservable 
inputs. One of the problems of comparative methods can be the elimination of potential 
defects that cannot be recognized by valuers, especially in poor quality constructions. 
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According to Hollis (1991), diminution of value can be calculated using the following 
Equation 5.1: 
Diminution in value per year = P-(C/Y)                                           (5.1) 
Where:
 
P= Price paid for the building  
C= The cost of the work is the net cost of the building work required to eliminate the 
major defects which are found to be present in the building, and which were not referred 
to in the surveyor's report. 
Y= Number of years the work can be deferred. 
Although this equation reflects the depreciation of an asset value based on age, it cannot 
address essential phenomena in advanced asset management, such as serviceability, 
functionality and sustainability.  
Hence, the development of a predictive method for depreciation of value including the 
deterioration of assets will improve the management of community buildings.  
5.2 Deterioration Trend and Diminution of Buildings’ Value 
The performance of a building asset can be influenced by the obsolescence of its elements 
and constitutional components. Throughout the present research, care has been taken to 
analyse assets at the component level. Analysing constructions at a detailed level enables 
entities to better address asset management requirements in community buildings during 
their defined service life.  
In financial planning, minor maintenance and rehabilitation works are not accounted for 
in estimating current replacement cost or asset replacement valuation. However, 
maintenance and rehabilitation measures influence the performance of a building and 
consequently indirectly affect the total value of the property. In fact, maintenance and 
rehabilitation expenses are accounted for in whole life cycle costing of assets (operational 
planning) and can be deployed for the projection of long-term and short-term budgets 
required to keep assets serviceable. 
NAMS.AU (2009) states that asset managers should follow two approaches to planning 
the asset management framework: core and advanced. For long-term financial planning 
the using advanced approach, there is a need to have a good understanding of those 
definitions which form the back bone of financial planning consistent with sustainability.  
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According to NAMS (2009) and AASB 116 (2004) useful information that can be 
obtained from condition- and performance-based assessments are as follows: 
1. Current replacement cost (CRC)  
CRC is the cost of reconstructing a building using modern equivalent assets. 
Determining the CRC figure has a number of benefits, as it is used to:  
 Determine Residual Structure Value as being the difference between the aggregated 
gross replacement cost of surveyed components and CRC of the facility. 
 Validate data. The CRC is compared to the gross replacement cost sum of the standard 
and special components, and it is expected that components total 45% to 55% of the 
CRC, depending on the type of building being assessed. 
 Provide an indication of likely long-term expenditure requirements. It is expected that 
expenditure associated with renewals, refurbishment and replacement will require 
between 1% and 1.5% of the value of assets per annum, averaged over the whole life 
cycle and occurring in later years.  
The CRC can be calculated by breaking down a building by areas and can be estimated 
using references such as Rawlinson‘s Construction Cost handbook (2013) based on Area 
× Price /sqm. 
2- Depreciated Replacement Cost (DRC) 
In Australia, under the Accounting Standards most organisations are required to record 
the value of their assets based on fair value or market value. The simplest way of 
determining the DRC value is by considering the cost of replacing the building at the date 
of valuation, less an allowance for general building degradation since the building was 
new, based on a straight- line percentage reduction. 
There is always a mismatch between the CRC and the sum of depreciated replacement 
costs of assessed components. Limitations on physical condition assessment of building 
components by visual inspection is the reason for this contradiction: almost half of 
building components can be inspected by property surveyors. The other half of the 
building‘s components relate to its structure (foundations, wall framing, roof framing and 
floor structure) or parts of the building that are rarely replaced, such as internal wiring 
and plumbing. This is referred to as the Residual Structure. The difference between CRC 
and DRC value can also indicate the value of the Residual Structure. 
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5.3 Proposed method of depreciation prediction 
One of the features of deterioration can be financially in the form of depreciation or 
diminution of value. In Chapter Three a combination of deterministic and probabilistic 
methods for forecasting and the prediction of deterioration in detail was introduced. 
Using information on the sequence of deterioration it is possible to analyse the sequence 
of depreciation of the value at component level. It is important to note that the method 
used in partner city councils relies on a linear depreciation with a fixed discount ratio for 
each year (2% depreciation annually) as a value-age function. By using the method 
proposed in the present research, it will be possible to analyse the depreciation of value 
based not only on the age of the component or asset but also on the condition or 
performance of that component. Consequently, by costing the component to date, the 
depreciation of value and the current replacement cost can be calculated. In addition, the 
method will enable practitioners to analyse the cost of components in particular 
conditions. 
As a case study a typical component from one of the partner city councils‘ databases was 
selected and the method is demonstrated in the following steps. 
Step 1: For each condition the value of the component should be determined. For 
instance, for condition 1, the cost of replacement or value of the component, for condition 
2, 45% of the replacement cost, for condition 3, 37% of the main value, for condition 4, 
25% and for condition 5, 11% of the main value. These values can be obtained based on 
organisations‘ definitions, the second-hand market and previous records. The above 
percentages were obtained from NAMS.AU (2009) guidelines and are based on 
remaining value of assets/components at that condition. Then a vector of the value in 
different conditions is formed   ). 
   
Step 2: The product of the distribution condition vector (     by vector of values  ) 
provides an average value of a component at that time. 
 ̅         
Step 3: Derivation of depreciation-age curve: Using average values at different stages, a 
curve is formed that presents the depreciation of the value at different ages of the 
component. 
 VVVVV 54321
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Step 4: Derivation of depreciation-condition curve: Using average values and average 
condition at different ages, depreciation of the value based on condition can be presented. 
Table 5.1depicts the above steps automated using Microsoft Excel. 
 
 
 
 
Table ‎5.1Transition of probability 
 
 
 
Figure ‎5.2  Depreciation-Age 
Vector C 1 2 3 4 5
Vector V 23700 10665 8769 5925 2607 Average value Average Condition
0 1 0 0 0 0 23700 1
5 0.7843824 0.2156176 0 0 0 20889.42458 1.215617601
10 0.61525553 0.29781163 0.08693284 0 0 18520.03121 1.47167731
15 0.48259531 0.31039988 0.15105884 0.05594597 0 16404.03846 1.780355469
20 0.37853896 0.28930886 0.17899165 0.09834494 0.0548156 14352.02812 2.161589358
25 0.29691901 0.2542849 0.18044469 0.11717791 0.1511735 12419.63685 2.571402005
30 0.23289779 0.21578319 0.16684162 0.11849355 0.26598386 10679.53369 2.968882522
35 0.18268071 0.1790005 0.1464697 0.10976583 0.38208328 9169.419555 3.329570493
40 0.14329136 0.14622017 0.12437812 0.09647905 0.48963131 7894.222213 3.642938828
45 0.11239507 0.11816319 0.10328727 0.08199346 0.58416103 6838.418691 3.907362223
50 0.0881606 0.09475645 0.08445747 0.06812766 0.66449783 5976.593545 4.126045725
Fire Services 
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Figure ‎5.3  Depreciation-Condition 
5.4 Cost of rehabilitation from lower condition to higher condition 
As can be seen from the curves depicted in Fig. 5.2 instead of using a fixed discount rate 
for depreciation of building value (a linear depreciation model) the proposed model can 
be used for forecasting the depreciation of the value of each component and consequently 
estimating current replacement cost.  
To adequately address strategic planning, entities are required to be aware of their assets, 
conditions and constraints. For many of components that cannot be replaced or 
replacement not only needs a considerable budget and time but also affects the 
serviceability, the enhancement of the conditions has to be done. In this situation, 
depreciation-condition curves provide information relating to the approximate budget 
required for rehabilitation from a condition to a higher condition. Figure 5.4 depicts a 
typical example of the budget required for raising condition 4 to condition 2.  
It is important to remember that deploying the method not only provides an estimated 
budget for maintenance and rehabilitation costs of each component, but also assists in the 
recognition of critical components. 
 
 
 
Fire Services 
 106 
  
 
 
 
5.5 Summary 
Depreciation of value and current replacement cost are parameters that need to be 
addressed in financial planning in both short- and long-term approaches. The current 
method used in partner councils is based on a fixed defined discount rate. This is a linear 
method and cannot represent depreciation in detail and at component level. According to 
NAMS.AU (2009), for most government organisations, International Accounting and 
Financial Reporting (IFRS/IAS) requires a more sophisticated approach. It is now 
expected that the DRC valuation and associated depreciation will be determined at a 
component level. The proposed method based on a novel deterioration forecasting model 
and consistent with sustainability, enables practitioners to analyse depreciation of value 
even at component level. Furthermore, it enables practitioners to assess the financial 
resources and performance requirements at different stages of the service life of assets 
and estimate the approximate cost of maintenance and rehabilitation. In the next chapter a 
method for condition aggregation of assets is proposed. 
 
 
 
Figure 5.4 Estimating maintenance and rehabilitation cost 
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 Facility Condition Index for Condition Aggregation  Chapter 6:
6.1 Introduction 
Past efforts in valuing the physical deterioration of buildings have mainly come from two 
perspectives. The first is financially-driven, and focuses on the financial evaluation of a 
building, taking account of its age and deferred maintenance. The other is engineering-
driven, and considers the physical deterioration and performance of the building 
(Kalutara 2013).  
A building constitutes a large number of elements, components, services and assemblies, 
and the physical deterioration of a facility may result from the impairment of the physical 
condition of components, which can be curable or incurable. To address the deterioration 
of a building during the defined service life, curable and repairable maintenance and the 
replacement of incurable defects are required. Curable deterioration refers to those 
defects which are repairable with maintenance, and the associated cost must not exceed 
the benefit to be realized by the cured deterioration (Department of Taxation and Finance, 
DTF, 2001). In financially-based deterioration assessment, curable maintenance is often 
expressed by the cost of deferred maintenance.   
Engineering-derived condition ratings are widely used in asset management to present 
physical condition information on building components and an overall health picture of a 
building. In conjunction with engineering methods which analyse deterioration in detail 
and at component level, the condition of constitutional elements of buildings must be 
measured and recorded in order to address the deficiencies. Due to resource limitations, 
addressing all of the deficiencies is not always possible and issues need to be ranked and 
prioritized. Those defects that cannot be corrected or are not considered top priority are 
known as backlog maintenance.   
When valuing building deterioration at component or detailed level, defining the overall 
building condition as a function of components is a major challenge faced by asset 
managers. Expressing the overall condition of a facility is vital to enable comparison of 
the condition of different buildings or building categories. Furthermore, practitioners 
must be aware of the effect of the condition of each component on the overall 
performance of the building and be able to address the overall condition of the facility 
when analysing assets at component and detailed level. Each component or element of a 
building has its own deterioration trend. Different methods for the aggregation of the 
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condition of a building, including averaging the condition of components, to providing 
weighting models for the distribution of condition and estimating the overall condition 
based on the severity of the effectiveness of the element on the overall condition of the 
building, have been applied by different industries. Averaging the condition of 
components cannot satisfactorily address the overall performance of a facility, because 
the impact of the severity of the state of each component on the overall performance of a 
building is different. To involve the effect of the condition of components in the overall 
condition of facilities, weighting-based models have been developed by researchers and 
industries. The determination of criteria influencing the performance of a building is 
defined in terms of weight. The most critical components that have more serious impacts 
on the serviceability of a building have more weight. Although weighting-based models 
are adequate for deterioration assessment, estimating the condition of building 
constructions with a large number of elements is a complex task. 
In the following sub-sections, a model is presented for the condition aggregation of 
components for benchmarking the overall condition of a facility based on the function of 
the condition of components considering the cost associated with bringing the building to 
a pristine condition.    
6.2 Facility Condition Index (FCI) 
According to the International Facility Management Association (2009) the Facility 
Condition Index (FCI) is a standard facility management benchmark that is used to 
objectively assess the current and projected condition of a building asset. FCI is a 
comparison created using a definition which is the ratio of current year required renewal 
cost to current building replacement value (APPA 2009) and can be formulated as:  
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Table 6.1 shows the defined ratio of FCI in association with condition provided by related 
industries. 
 
FCI Condition of building portfolio 
0−2% Excellent 
2−5% Good 
5−10% Fair 
10−30% Poor 
>30% Very Poor 
 
Table ‎6.1 Condition Scaling-FCI 
The relationship between condition and FCI vary in different industries and organisations. 
In most cases an FCI between 10% and 15 % is considered ―poor‖ and beyond 15% as 
―very poor‖ condition. The minimum acceptable performance usually considered by asset 
owners is ―fair‖.   
The model involves the following stages: 
 Predicting the deterioration trend, 
 Recognition of critical components 
 Estimating depreciation of the value and consequently maintenance/ replacement 
cost 
 Summation of all maintenance, repair and replacement costs      
 Providing the overall condition of building assets. 
In this model, the difference between depreciated value and replacement cost is 
considered the maintenance cost. The summation of maintenance cost of components 
divided by current replacement cost of components indicates the overall FCI for a 
building asset. 
           
    
∑  
∑   
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Building condition is often defined in terms of the FCI as follows:(Good) 0 to 5 per cent 
FCI, (Fair) 5 to 10 per cent FCI, (Poor) 10 to 30 per cent FCI, (Critical) greater than 30 
per cent FCI. A description of the condition rating scale is provided in the following 
table. 
 
Table ‎6.2 Condition Scaling 
The purpose of the FCI is to provide a basis for the objective comparison of facility or 
building condition and to allow senior decision-makers to understand building renewal 
funding needs.  
Throughout previous chapters care was taken to develop a predictable method for 
deterioration and depreciation of the value of building components. In continuation of the 
work, FCI has been developed for rating the overall condition of building assets. As all 
the variables are estimated at the time of evaluation, there is no need to modify them 
considering factors such as inflation or discount rate. Since the FCI is defined in terms of 
maintenance, and determination at the level of maintenance is always challenging, 
practitioners need to be notified that replacement cost and maintenance cost evaluation in 
component level can be significantly complicated compared to the construction costs of 
same elements. According to Barco (1994), to manage the maintenance, managers need to 
determine the appropriate level of maintenance and repair for their organization and 
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allocate required budget accordingly. Underfunding is a widespread and persistent 
problem that undermines maintenance and repair (M&R) of public buildings (Federal 
Facility Councils, 1996). Consequently, there is a need for civil engineers to better 
understand how public funds are budgeted and allocated, in order to better manage these 
funds and the facilities they support. For this purpose, determining the level of service 
and the extent of maintenance and repair required must be taken into consideration.  
6.3 FCI and Associated Risks 
As mentioned above, FCI is a combination of engineering and financial approaches to 
condition assessment. Businesses find that the context and level of risk associated with 
each particular asset determine the acceptable level of maintenance.  For low-risk assets 
longer maintenance periods can be determined, while high- risk assets are more sensitive 
and shorter maintenance periods must be delineated. The higher level of FCI reflects the 
greater risk threatening the serviceability of assets. Portfolios that can be influenced by 
this implication can be summarized as follows: 
 Functionality of buildings 
 Health and safety 
 Scheduled maintenance 
 Capital and investment 
 Morale of users 
 Efficiency  
 Sustainability 
FCI in the range of 0-5% is considered good for community buildings. In this range, the 
facility looks clean, functional and manageable, although component and equipment 
failure can occur. A level of FCI between 6-10% reflects signs of wear and more 
component and equipment failure may be reported. An FCI level between 11 to 30% 
presents poor condition; facilities will look worn with apparent and increasing 
deterioration.  An FCI above 30% indicates a critical facility threatening health and 
safety, and with poor sustainability and effectiveness. The ideal scenario is a maintenance 
budget that is stable and controllable, even if the facility was hit with a record number of 
emergency breakdowns. Maintaining a balance between resource allocation and the costs 
associated with maintenance is essential.   
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Benchmarking the level of the FCI depends on organisational policies, budget constraints 
and defined levels of service. For example, in power plants, the acceptable level of FCI 
for critical assets is defined as 15% by industries. The ratios can be determined for 
addressing risks in community buildings. The acceptable performance for community 
buildings has been determined by most local councils as condition 3. This means that 
facilities with FCIs under this limit need to be maintained and replaced. The defined 
acceptance criterion can be mapped to FCI level, which is a maximum of 10%. This 
means that the maintenance budget for a building can be a maximum of 10% of the 
replacement value when it is in condition three. Of the maintenance costing methods, 
estimating the costs based on current replacement value has been widely used by 
industries, but this is beyond the scope of the present project. 
In the following section, a City of Melbourne building has been selected to demonstrate 
how to utilize the FCI for condition assessment of community buildings. 
6.4 Demonstration of method 
As mentioned in the previous paragraphs, the FCI is a financial approach for valuing the 
condition of a facility or complex of facilities. Condition assessment at component level 
is an engineering feature of condition assessment undertaken by qualified inspectors and 
can be at a detailed level.  
The information required for initiating the process is that pertaining to the condition of 
the building at a detailed level (engineered-based feature) are:  a component hierarchy for 
classification of the captured information, inspection results outlining the current state of 
the building in detail, and the cost of replacement. Table 6.3 shows the information 
required extracted from Melbourne City Council‘s database, in which the distribution of 
the condition of each element is presented. Contributed cost for condition is presented 
accordingly as a pay-chart in Figure 6.1  
In order to calculate the accumulated condition of the facility using FCI implication, 
maintenance cost need to be estimated. The allowable condition is benchmarked at three 
(3) by the owner. Therefore, components under the defined performance (conditions 1 
and 2) are to be replaced or maintained.  
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Table ‎6.3 The outcome of Asset inspection 
 
 
 
Figure ‎6.1 Associated Costs/Condition 
 
Condition (Item) distribution of items in condition Sum of  cost Estimated installed year Remaining Life 
1 4 14600 1990 1
Air Handling Unit 1 7000 1990 1
Hvac Controls 1 1600 1990 1
Split System - Indoor Unit 2 6000 1990 1
2 1 320 1990 2
Painting - Floors 1 320 1990 2
3 13 22252 1990 40
Door - Internal Hollow Core 2 1050 1990 25
Door Hardware 2 500 1990 20
Floor Covering - Concrete 1 12600 1990 40
Light - Fluro 2 1200 1990 16
Painting - Ceilings 1 2310 1990 8
Painting - Floors 1 400 1990 8
Painting - Int/Ext Doors 2 132 1990 8
Painting - Walls 2 4060 1990 8
4 77 129382 1990 50
5 8 10240 1990 25
Grand Total 103 176794 1990 50
Condition distribution of items in condition Sum of  cost 
1 4 14,600.00$    
2 1 320.00$          
3 13 22,252.00$    
4 77 129,382.00$ 
5 8 10,240.00$    
Grand Total 103 176,794.00$ 
 115 
  
In order to calculate the asset current replacement value (CRC), the sum total of all of the 
inspectable components depicted in Figure 6.1 include about 55% of the  value of a 
building (NAMS. AU 2009). Hence, the total value of the building can be estimated or 
acquired from available references. 
According to the FCI equation:  
    
                                                 
                                         
 
 Replacement Cost of Component in Conditions 1,2  
 
 Value of the building or Current Replacement Cost (CRC): $ 176,749.00÷ 0.55= $ 
321,444.00 
    
     
     
                            
According to Table 6.1 the overall condition of the facility is 4.00, which is interpreted as 
―good‖ condition.  
6.5 Summary 
To complete the analysis of deterioration trend in component level and optimising the 
decision making, there is a need to determine the condition of the asset as a function of 
the condition of components. The previous chapters of the research involved the 
prediction of deterioration and the depreciation of value of the components based on the 
service life cycle and performance requirements. In this chapter the concept of FCI was 
developed to aggregate the condition of facilities as a function of condition of 
components. The main purpose of deploying the FCI is to integrate condition of 
components to the condition of building. The advantageous features of FCI can be 
summarized as follows: 
 It makes a linkage between risk and performance requirements (condition) of 
components 
Condition Sum of  cost 
1 14,600.00$  
2 320.00$        
14,920.00$  
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 It facilitates the possibility of analysing the building assets at component level 
 It broadens the concept of analysing the risks involving maintenance actions 
 It is consistent with sustainability and can address both short- and long-term facets of 
asset management planning. 
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 Software tool for Asset management of buildings Chapter 7:
7.1 Introduction 
The algorithm of the Council Asset Management Software (CAMS) was developed as a 
user-friendly tool for end-users who work in community building management, as an 
outcome of previous research projects conducted by Mohseni (2012) and Kalutara (2013). 
It was designed and developed based on outcomes generated during research projects 
which addressed major requirements of managing community buildings. Initially, two 
main concerns were addressed; the development of a reliable deterioration prediction 
module and a decision-making module to prioritize building components for sustainable 
maintenance activities. Because of limitations on accessibility to required information, 
the output from the software included very general information. 
The outcome of the research presented here assisted in enhancing the functionality of the 
software. Defining a hierarchy model based on NAMS (2009) guidelines for the software 
and producing a unified condition assessment format were the first steps. Utilizing the 
system to analyse deterioration in detailed and at component level represents another step 
in addressing advanced asset management requirements. Setting up the system with a 
costing template was a vital improvement of the software. Depreciation of value and cost 
for condition, which are inputs to the software, can assist in optimizing the resources 
required to keep facilities serviceable. The facility condition index (FCI) can improve the 
capabilities of the system further while analyzing buildings in detail.  
In the following paragraphs the algorithm of the software, the input data and output from 
the software are explained. 
7.2 Software algorithm 
The CAMS software tool initially produced deterioration information for community 
buildings at component group level, containing 14 component groups. Information about 
the system is beyond the scope of this project, but can be found in Mohseni (2012) and 
Kalutara (2013).  Considering the diversity of building hierarchical models used by 
partner city councils, configuration of the software was challenging. The building 
hierarchy provided by NAMS (2009) was advantageous in order to unify and standardize 
the input data for the software. However, the system has flexibility to be configured using 
different hierarchical models and based on organisations‘ requirements and preferences. 
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The other contribution of this research in the improvement of the software is the 
componentization of the inventory of input data in more detail, based on NAMS (IPWEA 
2009). Figure 7.1 illustrates a flowchart used for designing inventory input data for the 
software algorithm, based on the three-level hierarchical model. 
 
Figure ‎7.1 CAMS inventory input data flowchart 
Because of the great variety of community buildings, consistent with the designed 
algorithm, a coding model accompanied by geographical information on each facility and 
its functionality can be defined or uploaded to the software. Then the condition of 
building components based on the defined hierarchical model can be input. Figure 7.2 
presents the inventory of input data of the software. 
7.3 Deterioration Curves 
The main aim after defining a three-level building hierarchical model for the software 
focused on the prediction of the deterioration trend of the components. The deterioration 
curves derived in this research were used as base models in the software.  In Appendix 3 
transition matrices of some components derived for defining deterioration on CAMS are 
presented. 
 120 
  
 
 
 
Figure ‎7.2 CAMS Hierarchy Model  
7.4 Costs Associated with Change Conditions 
One of the main expectations of partner city councils for the software tool was the 
financial considerations. Factors such as depreciated value, current replacement value and 
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current value in condition were parameters that needed to be addressed in the financial 
considerations affecting the management of community buildings. 
For this purpose, a costing template was provided using Rawlinson‘s Construction 
Costing (2013) Manual (2013), maintenance records of local agencies and quotations 
from local markets and tradespersons, and defined as a database on the software tool.  
The method developed by this research for analysing depreciation of value and cost 
associated with change conditions explained in Chapter 5 was incorporated in the 
software tool to address depreciation of value and estimation of rehabilitation costs. 
7.5 Facility Condition Index (FCI) 
In order to understand the condition of the building as a function of its components a 
facility condition index (FCI) was developed and added to the software. There was a need 
to aggregate the condition of the facility as the function of the condition of components, 
and it was necessary for backlog maintenance and replacement and rehabilitation costs to 
be taken into consideration.  
7.6 Output from the software 
As mentioned above, the software facilitates inputting the data manually or by 
downloading spread sheets. One of the outputs from the software is the derivation of 
deterioration curves of individual components.  Figure 7.6.1 presents a screen-shot from 
CAMS showing the predicted condition of one of the components before rehabilitation.  
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Figure ‎7.3 Sample of Deterioration Curve derived by CAMS 
The costs for condition, replacement and depreciation can be seen in  Figure 7.4  
 
 
Figure ‎7.4 Cost of Condition & Replacement Cost for Components (CAMS) 
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The FCI was calculated based on its definition for the facility which is: 
 
                                           
                       
 
It should be noted that calculating the FCI depends on the level of serviceability defined 
by the particular industry. For instance, if the acceptance criterion for condition is 
considered to be 3, the maintenance and rehabilitation cost will be calculated for those 
components which are below the defined criterion. 
Risk optimisation and prioritising maintenance actions regarding sustainability are other 
output features which have been discussed in previous research projects conducted by 
Mohseni (2012) and Kalutara, (2013). 
7.7 Summary 
The software has been utilized as an interface between academic knowledge and end-
users in local governments. It can be used not only for data collection and recording 
information required for managing community buildings, but also for deterioration 
prediction and decision-making. 
This chapter has presented the enhancement of the software based on the research 
presented in this thesis. 
 Development of condition assessment based on the three-level building hierarchy 
model proposed by NAMS (2009).  
 Prediction of deterioration and projection of future condition of components using 
deterioration curves 
 Analysis of depreciation of value in conjunction with deterioration of components 
for the optimisation of maintenance costs. 
 Provision of a costing template for estimating costs for change in condition  
 Definition of a facility condition index (FCI) to determine the condition of a facility 
as a function of the condition of components. 
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 Conclusion Chapter 8:
8.1 Introduction 
The research presented in this thesis aimed to develop an integrated asset management 
model for community buildings considering the physical condition of individual 
components of the buildings. In the first chapter, the problems were identified and the 
importance of asset management for this sector and the objectives of the research were 
discussed. Chapter 2 highlighted key information which is necessary for planning an 
integrated asset management framework in community buildings and indicated gaps in 
current knowledge. Chapter 3 stated the methodology adopted to address the identified 
gaps and the way of capturing the information required for possible developments. 
Chapter 4 focused on the development of a deterioration prediction model and the 
validation of the method using reliable standards and acceptable references by partner 
organizations. Chapter 5 analysed current practices adopted by partner local councils for 
the evaluation of their assets and developed a relationship between depreciation and 
physical condition of assets. Since one of the research objectives was the development of 
the concept of deterioration and depreciation in detail and at component level, the overall 
condition of a facility, which is influenced by the condition of its components, needs to 
be addressed at the decision-making stage. Chapter 6 demonstrated the Facility Condition 
Index (FCI) for condition aggregation of buildings. Chapter 7 presented a software tool 
developed using the outcomes of research. 
8.2 Addressing defined research objectives 
Within the presented research, a number of research questions have been addressed as 
follows: 
8.2.1 In first two chapters influential input parameters in planning an asset 
management framework for community buildings were identified.  
The parameters include, but are not limited to: 
 Building hierarchy, division of a building for inspection and management 
 Inspection data 
 Deterioration forecasting, value depreciation 
 Linking cost to deterioration 
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 Understanding the condition of the facility as a function of the condition of building 
components 
Because of the scarcity of information on community buildings, they have been 
categorized as building structures. The detailed level of building components was 
different in each organization and a hierarchy model was defined based on organizational 
policies and requirements. Asset management planning was initiated by developing a 
hierarchical system for elements, components, assemblies and services that need to be 
projected during the service life of an asset. These elements and components are 
influential in the deterioration of a facility and their useful life cycles have a significant 
contribution to service life planning. The NAMS.AU (2009 publication has developed 
guidelines dividing a building into more than 320 inspectable components. The proposed 
model breaks down a building to a three-level hierarchy system: component group, 
component type and component.  
The conditions of the elements/components are assessed and compared with 
benchmarked performances. The current method for condition assessment is physical 
assessment based on visual inspections. Because of the high number of elements, 
components and services in community buildings, a five-rating condition model was 
adopted to address condition assessment. Facility conditions can be benchmarked as 
numerical conditions ranging from 1worst condition to 5 best condition. 
Forecasting, a prominent stage in service life planning, involves the prediction of useful 
service life. Implications such as deterioration prediction and the useful life cycle of 
components are essential parameters in decision-making. Forecasting tools not only make 
a contribution in the design stage of a building, but can also be used in service life 
planning of assets. The deterioration prediction is the phase that initiates the service life 
planning. The model initially was developed using NAMS (2009) and then further 
improved using the Markov process.  
Factors accelerating or decelerating the degradation of buildings premised by ISO 15686 
were evaluated and the factor method for expression of the phenomenon affecting the 
service life of buildings and for modifying the predicted useful life of components was 
analyzed.     
A model defining the relationship between deterioration and depreciation of value can 
improve the efficiency of practices in managing community buildings, and the efficiency 
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of decision-making for budget allocations for maintenance and rehabilitation can be 
improved. 
8.2.2 Deterioration curves for 320 components developed using two 
methods, deterministic and stochastic – Markov process and validation using 
data from the City of Melbourne.  
After obtaining a hierarchical model for building components included useful life cycle, a 
graphical model for the deterioration of components using the concepts proposed by 
NAMS (2009) was developed. The initial deterioration curves were derived using the 
percentage change in condition proposed by NAMS (2009). These basic curves were then 
used to derive transition matrices for a Markov process-based deterioration model. 
As can be seen in Appendices 3 and 5, derived deterioration curves can be a function of 
condition-age or condition-remaining life that as a forecasting tool present the short- and 
long-term condition of components. The expected replacement and maintenance time 
based on the defined useful life of components can be estimated from these curves. The 
proposed method for deriving expected curves has the capability for modifications during 
the service life of the components.  
Validation of the proposed models required a systematic approach. The proposed model 
was validated using City of Melbourne data as the case study. More than 420 components 
from about 200 assets were designated and deterioration trend curves for these 
components were derived. The outcome was shown to be significantly close to the 
expected curves developed by this research through regression analysis. Thereafter, 
Pearson Chi-Squared validation was deployed for verification of the method, and because 
of the significant gap between cumulative X
2 
value and critical chi square value, the 
hypothesis was not rejected. Once the basic form of the deterioration model was 
validated, using the condition data collected by the City of Melbourne, an optimisation 
algorithm using the solver function in Excel was developed to optimize the transition 
matrices for the Markov process. The algorithm modifies the calibrated transition matrix 
using the Markov chain process so that the expected conditions derived from the 
proposed method and the observed conditions from the case study database become 
optimized.  
8.2.3 Depreciation – condition relationship established using the NAMS 
useful life concept 
The next stage after validation of the deterioration models focused on mapping the 
deterioration to depreciation of assets. Methods used by partner councils for depreciation 
forecasting of assets rely on a linear decay model with a fixed discount rate per annum. 
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Using NAMS.AU (2009) guidelines, the depreciation of value of components was 
derived. The sequential deterioration throughout the service life of a component, which 
was derived from a transition table, was used as a portion of the component in different 
conditions at that time and simulated as a vector. Then the value of the component in 
different conditions was estimated for calibrating another vector. The product of these 
defined vectors was an average value of that component at that time, which was used for 
the derivation of depreciation value curves. From the depreciation curves valuable 
information can be captured, including but not limited to, rehabilitation and maintenance 
cost, the value of residual components and the estimation of the financial resources 
required for enhancement of the condition of the component to a better condition. In 
addition, a costing template at component level and depreciation curves using references 
such as Rawlinson‘s Construction Cost Manual was developed.  The costing template 
was used in the CAMS software tool to address the financial resources required for 
rehabilitation and maintenance costs at particular conditions. 
8.2.4 Facilities condition index has been used to define the condition of the 
facility as a function of the condition of the components. 
The last stage of the research focused on the aggregation of condition of components so 
that the overall condition of a facility could be presented. The Facility Condition Index 
(FCI), as a very useful tool for benchmarking the condition of facility, enabled the 
researcher to map the condition of facilities as a function of the condition of components. 
8.3 Contribution 
To the author‘s knowledge, this research is the first attempt to address asset management 
requirements for community buildings, in detailed and at component level. 
Notwithstanding the practice of breaking down buildings into elements, components, 
assemblies and services, there is no consensus about the management of community 
buildings at this level. Most previous studies focus on identifying general and bottom-line 
asset management requirements, particularly in community buildings. The framework of 
this research was designed based on successive stages. Stage 1 explored the parameters 
influencing the management of community buildings. Stage 2 focused on the 
development of a practical and state-of-the-art method generating a linkage between the 
requirements, to enable practitioners to improve existing asset management practices. 
Stage 3 incorporated engineering and financial features. The useful life and deterioration 
prediction, physical assessment and determining performance requirements are 
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engineering considerations and depreciation of value, rehabilitation and maintenance 
budget allocation are financial considerations. At stage 4 a practical model for estimating 
the overall condition of a facility which is a function of components‘ condition was 
developed. These steps led to an understandable and simplified asset management 
procedure for councils with a large stock of assets.  
The proposed model has the capability for development as a user-friendly software tool 
for end-users who work in community building management. The outcomes of the 
research have made a significant contribution to the improvement of a software tool 
generated by previous researchers, the Council Asset Management Software (CAMS). 
Advancement of the software was based on the outcomes generated during the project, 
which addresses major concerns in relation to community building management. Two 
main concerns were the need to develop a reliable deterioration prediction module and a 
decision-making module to prioritize building components for sustainable maintenance 
activities. The method presented in this research can be applicable to other infrastructure 
assets as well.  
8.4 Constraints 
The research encountered the following restrictions in obtaining information and 
developing the method: 
 Lack of sufficient sets of detailed data  
 Gaps in details 
 NAMS.AU (2009) addresses only inspectable components 
 Inaccessibility of financial information 
Each of the constraints were managed to obtain the best outcome with available data. 
Whilst the data is limited, combining the NAMS useful lives with the available limited 
data was used to derive acceptable deterioration trends for 320 building components. 
For items which couldn‘t be inspected, such as foundations and structural frames, a 
replacement value was used to derive the whole of building value.  
Financial information for maintenance and refurbishment costs were derived using data 
bases such as Rawlinsons. 
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8.5 Recommendations for future works 
For possible improvement of areas pertinent to this project, certain aspects beyond the 
scope of this research should be noted.  
 
The proposed model will be the first step to initiate an asset management process for 
community buildings. After a cycle of the process the outcome data should be evaluated 
and modified; the model has the capability of future modification. 
 The Facility Condition Index (FCI) selected as an aggregation tool for the overall 
condition of facilities should be utilized for financial planning of assets. The 
functionality, sustainability and social factors are parameters which significantly affect 
decision-making, and should be taken into consideration by practitioners. 
 The hierarchy model developed by NAMS classifies the inspectable components of a 
building, which consists 45% to 50% of the value of a building. Residual components 
that cannot be inspected such as building frames and foundations can be included into 
building hierarchy. 
 Deterioration models presented in this research have been validated using condition 
data. Further, work can be done to develop physical degradation models based on 
known deterioration mechanisms. 
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 Appendix  1: NAMS Hierachy Model 
  Building Component Guidelines for Australia   
                
Compone
nt Group 
Compone
nt Type 
Component 
Description of 'Low 
rates' 
Description of 
'High rates' 
 
Uni
t ID  
Useful Lives Criticality 
    
Bas
e 
Lowe
r 
Uppe
r 
Appearan
ce 
Failur
e 
Safet
y 
E
le
c
tr
ic
a
l 
S
e
rv
ic
e
s
 
D
is
tr
ib
u
ti
o
n
 B
o
a
rd
s
 Distribution Boards     no 40 30 50 1 5 4 
Local DBS 9 pole single phase 
48 way 144 pole three 
phase with controls 
no 40 32 48 1 5 4 
Main Fusebox 9 pole single phase 
12 way 36 pole three 
phase 
no 40 32 48 1 5 4 
Main Switch Board Small Large public building no 40 32 48 1 5 4 
Mechanical Services Switch Board     no 40 32 48 1 5 4 
Meter Boxes Hicks HP1 Hicks HP7 no 40 32 48 1 5 4 
E
m
e
rg
e
n
c
y
 
L
ig
h
ti
n
g
  
(N
o
t 
fi
re
 
re
la
te
d
) 
Batteries Light Heavy sum 18 15 20 1 5 5 
Controller / Cabling Light Heavy sum 25 20 30 2 5 5 
Lamps     sum 13 10 15 3 5 5 
E
m
e
rg
e
n
c
y
 
P
o
w
e
r 
Fuel Tank     no 43 35 50 1 5 4 
Gen Set - alternator     no 35 30 40 1 5 4 
Gen Set - engine     no 43 35 50 1 5 4 
L
ig
h
ti
n
g
 -
 
E
x
te
rn
a
l/
In
te
rn
a
l 
Controller / Cabling Light Heavy sum 40 30 50 1 3 2 
Down Lights     no 15 12 18 4 3 3 
Exit Signs Thorn ECON110S 
Stanilite LSNCS122 
Legend Maint 
Monitored 
no 18 15 20 5 5 4 
Fittings     sum 18 15 20 3 3 3 
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Fluorescent Lights 
Fluorescent, batten, 
2x36w 
Fluorescent, 
recessed, grid ceiling, 
3x36w 
no 25 20 30 4 4 3 
Incandescent Lights Batten lampholder Pendant, 3 light type m2 18 15 20 4 5 3 
Lamps     sum 14 12 15 4 3 3 
L
ig
h
ti
n
g
 -
 F
lo
o
d
 /
 
S
e
c
u
ri
ty
 
Controller / Cabling Light Heavy sum 40 30 50 1 4 4 
Fittings     sum 18 15 20 3 4 4 
Lamps     sum 14 12 15 3 4 3 
Local Security Lighting Batten lampholder 
2000 watt metal halide 
discharge 
no 18 15 20 4 5 4 
Pole Top Lights (External) 
80 watt mercury in 550 
dia opal sphere 
Bega 150 watt sodium 
on 7.6 m. pole 
no 18 15 20 4 5 4 
M
is
c
. 
Light Switches & Powerpoints Light Heavy m2 30 24 36 2 4 4 
P
o
w
e
r 
C
o
n
d
it
io
n
in
g
 
Batteries     sum 18 15 20 1 4 4 
Chargers     sum 25 20 30 1 4 4 
UPS     no 35 30 40 1 4 4 
P
o
w
e
r 
C
o
n
v
e
rs
io
n
 
Power conversion     sum 38 35 40 1 4 3 
Compone
nt Group 
Compone
nt Type 
Component 
Description of 'Low 
rates' 
Description of 
'High rates' 
 
Uni
t ID  
Useful Lives Criticality 
    
Bas
e 
Lowe
r 
Uppe
r 
Appearan
ce 
Failur
e 
Safet
y 
E
x
te
ri
o
r 
W
o
rk
s
 
B
u
il
d
in
g
s
 
Carport 
Conc slab,timber frm, 
galv steel roof (kitset) 
Higher quality 
including Colour steel 
m2 50 40 60 2 2 2 
Covered Ways .4mm Endura corrugated  
.9mm aluminium 
trough 300 profile 
m2 55 45 70 3 3 4 
Garage 
6x3.5m Conc, timber 
frame, galv steel clad 
Ditto, brick veneer, 
conc tile roof 
m2 50 40 60 4 4 3 
Shed (Garden / Tool Shed) kitset on conc slab 
Ditto, brick veneer, 
conc tile roof 
no 20 15 25 2 4 2 
Sun Screen/Awning Roll up awnings, canvas 
Fixed awnings, 
canvas 
ea 15 10 20 3 3 4 
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Verandah - Roof Only .4mm Endura corrugated  
.9mm aluminium 
trough 400 profile 
m2 55 45 70 3 3 4 
C
h
a
n
n
e
ls
 
Channels & Grating 
 P'cast channel 
225wide& 50 th.grate 
P'cast channel 
450wide& 75 th.grate 
m 45 35 50 2 3 2 
Kerb & Channelling 
75 wide kerb, 300 wide 
channel 
kerb and channel, 250 
x 300 wide 
m 40 35 50 2 2 2 
C
iv
il
 w
o
rk
s
 
Block Wall 
150 block, footing no 
finish 
250 block, footing, no 
finish 
m2 75 60 90 2 4 3 
Brick Wall 100 thick 200 thick m2 50 40 60 2 4 3 
Retaining Walls (Concrete) 
600 max ret, Grip block 
precast interlocking 
7400 max ret, Grip 
block precast 
interlocking 
m2 75 60 90 2 4 4 
Retaining Walls (Timber) 
1800 max retaining, 
Timbercrib 
6300 max retaining, 
Timbercrib 
m2 60 45 72 2 4 4 
F
e
n
c
in
g
 
Corrugated Iron Fence .4 thick corrugated steel 
.4 thick corrugated 
steel and timber frame 
m2 25 20 35 2 3 2 
Fence - Paint Finish 
prep and one coat acrylic 
one side 
prep and 3 coat 
enamel one side 
m2 10 8 12 3 4 1 
Picket Fence 1400 high timber 
metal 1400 high, galv 
welded fence panels 
m 25 20 35 4 3 2 
Post & Rail Fence 
1500 high, 150 x 19  
timber paling 
1800 high, 150x 25 
timber palings 
m 25 20 35 2 3 2 
Post & Wire Fence 7 wire and posts 8 wire posts, battens m 25 20 35 2 3 2 
Post / Rail / Mesh Fence 1800 high galv mesh 
2700 high, pvc 
coating, top rail, 
mowing strip 
m 25 20 35 2 3 2 
Steel Security fence     m2 25 20 35 2 5 4 
Timber Paling Fence 
1500 high 150 x 19 
pailings 
1800 high 150 x 25 
palings 
m 25 20 35 3 3 2 
Wire Mesh Fence Replace wire mesh only 
Replace wire mesh 
only 
m2 25 20 35 2 3 2 
F
u
rn
it
u
re
 Park Seat 
1.3m tubular frame with 
perforated steel top 
4 seat tubular frame 
with perforated steel 
top 
no 15 12 18 3 3 3 
Picnic Table 
2.1m tubular frame with 
perforated steel top 
Timber seat and table no 15 12 18 3 3 3 
Rubbish Bin 
Semi circular wall 
mounted 
52 litre stainless steel no 15 12 18 3 3 4 
G
a
te
s
 Metal Gate Metal Gate 0 no 50 40 60 3 4 3 
Motorised Sliding Gate 
Single metal gate with 
motor and key pad 
Double metal gate 
with motoe and key 
pad 
no 25 20 30 4 4 3 
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Steel/Mesh Gate 1000 x 1800 high single 
4800 x 1800 high 
double 
no 25 20 35 3 4 3 
Timber Gate 
Rough sawn single gate 
1500 x 1800 high 
Double T & G ornate 
timber gate 
no 25 20 30 3 4 3 
Wrought Iron Gate Standard single gate Ornate double gate no 50 40 60 4 4 3 
H
a
rd
 s
ta
n
d
 
Asphalt /Sealed Areas 
2 cts bitumen and metal 
chip surfacing 
250 
basecourse,40thick 
asphalt 
m2 12 10 15 4 3 3 
Asphalt Paths 20 thick asphalt 40 thick asphalt m2 12 10 16 3 4 3 
Astro Turf synthetic turf 
sportsflex sports 
flooring 
m2 10 8 12 4 4 2 
Carpark Marking Typical application Typical application m 5 4 6 2 4 2 
Cobblestone 45 thick 
60 thick (23m2) with 
100 thick basecourse 
m2 25 20 30 4 3 3 
Concrete Paths / Ramps 150 thick path 
200 thick path 100 
thick subbase 
m2 55 45 65 3 4 4 
Concrete Paver / Interlocking Blocks 300 x 300 x 40 paving 
80mm conc brick 
pav,on 250 
basecourse 
m2 50 40 60 3 3 3 
Concrete Slab 
75 thick conc 
unreinforced 
125 conc on 250 
hardfill, reinf, edge 
thickening 
m2 50 40 60 3 3 3 
Timber Kerbs Base parking barrier Heavy duty barrier  m 25 20 30 3 3 4 
M
is
c
. 
Decking Pine decking Hardwood decking no 25 15 40 3 3 3 
Paint 
Paint to ext walls, incl 
prep. 2 coat acrylic 
waterblast surface, 
textured finish 
m2 10 8 14 4 4 1 
Shade Cloth 
Woven nylon in green 
excluding frame 
Woven nylon in white 
excluding frame 
m2 15 14 16 4 3 4 
S
ig
n
s
 
Sign (Exterior) 
Sign, exterior, building 
signage, basic 
Sign, exterior, building 
signage, high quality 
no 10 8 12 5 4 2 
Sign (Route) 
Sign, exterior, 
route/direction, basic 
Sign, exterior, 
route/direction, high 
quality 
no 10 8 12 5 4 2 
Sign (Timber) 
Sign, interior, 
route/direction, basic 
Sign, interior, 
route/direction, high 
quality 
no 10 8 12 5 4 2 
S
ta
ir
s
 &
 
ra
il
s
 
Handrail Metal 
45 dia aluminium wall 
mounted 
50 dia brass wall 
mounted 
m 50 40 60 4 4 1 
Handrail Timber 
100 x 50 pine wall 
mounted 
45 dia Rimu wall 
mounted 
m 50 40 60 4 4 1 
Staircase - Metal 1000 wide straight  1500 dia spiral stair m/H 60 50 70 3 4 4 
 
 
141 
  
Staircase - Timber 900 wide pine 
1000 wide pine with 
balustrade one side 
m/H 50 40 60 3 4 4 
W
a
te
r 
ta
n
k
s
 
Water Tank - Concrete 
4500 litre concrete water 
tank 
22700 litre concrete 
water tank 
no 60 45 75 2 5 4 
Water Tank - Metal 
9,000 litre galv steel 
water tank 
18,800 galv steel 
water tank 
no 60 45 75 2 5 4 
Water Tank - Plastic 135 litre 5000 litre no 50 35 65 2 5 4 
Compone
nt Group 
Compone
nt Type 
Component 
Description of 'Low 
rates' 
Description of 
'High rates' 
 
Uni
t ID  
Useful Lives Criticality 
    
Bas
e 
Lowe
r 
Uppe
r 
Appearan
ce 
Failur
e 
Safet
y 
E
x
te
rn
a
l 
F
a
b
ri
c
 
E
x
te
rn
a
l 
W
a
ll
s
 
Brick Cladding 
70mm veneer Firth 
classic. No finish 
70mm veneer Monier 
cotswold. No finish 
m2 75 60 90 4 3 1 
Curtain Walling (Glass) 
Alum. 50% clear glass 
50% armourclad 
more difficult 
installation 
m2 55 45 75 4 3 2 
Fibrolite Sheeting Hardiflex 
Titan 9mm wall board, 
primed, epoxied, 
jointed, battens behind 
m2 50 40 65 4 3 2 
Hardiplank 240 smooth  
240 vertical and 180 
under  
m2 50 40 60 4 3 2 
Marble 300 x 300 x 10 tiles  20 thick panels m2 100 80 120 5 3 1 
Metal Cladding .75 thick galv sheet  
1 mm thick electro 
galvanised 
m2 35 20 45 4 3 1 
Paint Finish 
Typical application of 
acrylic paint, seal and 2 
coats 
Enamel paint, seal 
and 2 coats & more 
difficult application 
m2 10 8 12 4 4 1 
Plaster 2 ct wood float Tyrolean m2 50 40 60 3 4 1 
Plywood 7 thick plywood 21 thick plywood m2 50 45 75 3 3 2 
Precast Concrete Wall Panels 125 thick 200 thick m2 100 80 150 4 3 2 
Pvc Weatherboards Certainteed rusticated  Palliside rusticated m2 35 30 40 4 3 2 
Shiplap 200 x 25 cedar 150 x 25 cedar  m2 75 60 90 4 3 2 
Weatherboard - Timber 150 x 25 pine  200 x 25 cedar m2 75 60 90 4 3 2 
R
o
o
f 
Butynol Roofing 
1 thick black incl replace 
plywood 
1.5 thick grey 
including replace 
plywood 
m2 20 16 24 4 4 2 
Colorbond     m2 30 15 45 3 3 2 
Compressed Fibre 9mm thick Hardipanel 
18mm thick 
Hardipanel 
m2 50 40 65 3 3 2 
Concrete Roof Slabs 75 thick 150 thick m2 100 75 150 3 3 2 
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Downpipes - Metal 65 dia zincalume steel 100 dia S.S. m 35 25 45 2 3 1 
Downpipes - Pvc 65 dia PVC 100 dia PVC m 35 25 40 2 3 1 
Glass Clear polycarbonate Tinted polycarbonate m2 50 40 60 4 4 2 
Metal Roofing 
0.4mm zincalume 
corrugated  
.9mm aluminium 
trough 400 profile 
m2 30 15 45 4 4 2 
Paint Finish 
Typical application of 
acrylic paint, seal and 2 
coats 
Enamel paint, seal 
and 2 coats & more 
difficult application 
m2 10 8 14 4 3 1 
Safety access system - anchor points     no 20 18 25 2 5 5 
Safety access system - walkways     sum 20 18 25 2 5 5 
Shingles - Timber Treated pine shingles 
Cedar shingles more 
difficult installation 
m2 35 30 42 3 3 2 
Skylight 
610sq Adlux low profile 
spandrome nonvent. 
2075 x 2075 Adlux 
pyramid spandome 
m2 50 40 60 3 4 2 
Soffits - Fibrolite 
Hardiflex, 4.5mmPVC 
mouldings 
Silkline Prefinished 
Soffit Linings & 
Working at height 
m2 50 40 60 3 1 1 
Soffits - Timber 7 thick plywood 12 thick pine m2 55 45 75 3 1 1 
Spouting - Metal 125 zincalume steel 125 copper m 35 25 45 2 4 1 
Spouting - Pvc 125 dia PVC 
Magnum 170mm half 
round gutter 
m 35 25 40 2 4 1 
Tile Roofing - Clay Portoghese clay tile French profile clay tile m2 60 50 80 4 3 2 
Tile Roofing - Concrete 
Rosscrete hacienda to 
single storey 
Monier to 3 storey m2 90 75 120 4 3 2 
Tile Roofing - Slate 
Resin bonded 
reconstituted slate 
Welsh slate m2 100 80 120 4 4 2 
Timber Fascia 150 x 25 250 x 40 thick  m 50 40 60 3 3 2 
Translucent Sheeting PVC sheeting Duralite fibreglass m2 25 20 30 4 3 2 
W
in
d
o
w
s
 &
 D
o
o
rs
 Alum Frame Glass - Dble Door 
1980x1620 dble with 6 
thick toughened glass 
Larger doors, higher 
specification 
no 55 45 65 4 4 2 
Alum Frame Glass - Sgle Door 
1980x810 single with 6 
thick toughened glass 
Larger doors, higher 
specification 
no 55 45 65 4 4 2 
Alum/Glass - Sliding Dble Door 
1980x1620 dble with 6 
thick toughened glass 
Larger doors, higher 
specification 
no 55 45 65 4 4 2 
Alum/Glass - Sliding Sgle Door 
1980x810 sgle with 6 
thick toughened glass 
Larger doors, higher 
specification 
no 55 45 65 4 4 2 
Aluminium Windows Single glazed  Double glazed m2 55 45 65 3 4 3 
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Automatic Opening Doors 
Single glazed - elect. 
lock/beam/mat switch 
3leaf/bifolding - elect. 
lock/beam/mat switch 
no 25 20 30 5 5 4 
Door Hardware (Handles/Locks) basic lever style High quality  no 30 25 40 3 4 4 
Emergency Exit Door - Double Standard style doors Larger doors no 65 50 85 5 5 1 
Emergency Exit Door - Single Standard style door Larger doors no 65 50 85 5 5 1 
Glass Door 
Sgle 10mm tough. 
frameless glass doors 
Larger doors no 55 45 65 4 4 4 
Louvre Windows 
900 x 1000 timber frame 
fixed 
900 x 1000 timber 
frame adjustable 
m2 35 30 45 2 3 4 
Metal Clad Doors 
Zintec metal clad single 
door 
Stainless steel clad 
single door 
no 35 28 42 2 3 2 
Metal Framed Windows 
Steel commercial over 
0.5 m2 
Steel residential under 
0.5 m2 
m2 55 45 65 4 4 3 
Metal Roller Doors Continuous curtain Interlocking slat m2 35 28 42 2 3 2 
Paint Finish 
Typical application of 
acrylic paint, seal and 2 
coats 
Enamel paint, seal 
and 2 coats & more 
difficult application 
m2 10 8 12 4 4 1 
Roller Doors Continuous curtain  Interlocking slat no 35 28 42 2 3 3 
Sliding Doors 
Aluminium glazed single 
door 
Larger door no 55 45 65 3 4 3 
Timber / Glass Door 
Half glass and half 
timber 
860mm x 40mm top 
and sidelight panels 
glazed 
no 55 45 65 4 4 2 
Timber Entrance Door Pine no finish incl frame 
Fiji Kauri no finish incl 
frame 
no 55 45 65 4 5 1 
Timber Framed Windows Pine  Cedar colonial m2 55 45 65 4 4 3 
Compone
nt Group 
Compone
nt Type 
Component 
Description of 'Low 
rates' 
Description of 
'High rates' 
 
Uni
t ID  
Useful Lives Criticality 
    
Bas
e 
Lowe
r 
Uppe
r 
Appearan
ce 
Failur
e 
Safet
y 
F
ir
e
 S
e
rv
ic
e
s
 
F
ir
e
 A
la
rm
 S
y
s
te
m
 
Cabling     sum 43 35 50 1 3 4 
Fire / mimic panels     no 13 10 15 3 4 4 
Heat detectors Typical product Typical product sum 20 17 22 3 5 5 
Magnetic door holders     sum 20 17 22 2 5 5 
Smoke detectors Combustion type Photo optic type sum 15 10 20 3 5 5 
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F
ir
e
 
C
o
m
m
u
n
i
c
a
ti
o
n
s
 
EWIS panel 
System complete, for 
minor installation 
System complete, 
major installation 
no 13 10 15 3 3 4 
F
ir
e
 
S
e
rv
ic
e
s
 
Fire Extinguishers 2.25 kg dry powder 5 kg CO2 no 20 16 24 4 5 5 
Fire Hose Reels Standard 20m x 13 dia 
Surface cabinet 20m x 
19 dia 
no 18 15 20 4 5 5 
Ventilating Fans 3.5m3/s roof extract 23 m3/s roof extract no 25 20 30 3 4 4 
F
ir
e
 
S
p
ri
n
k
le
r 
S
y
s
te
m
 
Pipes and valves 
Fire_Pipework_25 dia, 
screw fittings 
Fire_Pipework_150 
dia, grooved end joints 
& fittings 
sum 50 40 60 1 4 2 
Sprinkler heads Standard head exposed 
Standard head flush 
mounted 
sum 30 24 36 3 4 4 
H
y
d
ra
n
t 
S
y
s
te
m
 
Hydrant System     sum 43 35 50 3 3 5 
Compone
nt Group 
Compone
nt Type 
Component 
Description of 'Low 
rates' 
Description of 
'High rates' 
 
Uni
t ID  
Useful Lives Criticality 
    
Bas
e 
Lowe
r 
Uppe
r 
Appearan
ce 
Failur
e 
Safet
y 
In
te
ri
o
r 
F
in
is
h
e
s
 
C
e
il
in
g
 F
in
is
h
e
s
 
Fibrolite 9.5mm - fibrous plaster 19mm - fibrous plaster m2 75 60 90 2 4 1 
Gyprock Lining     m2 50 40 60 2 3 1 
Hardboard 3mm hardboard 6mm hardboard m2 75 60 90 2 3 1 
Insulation Pink batts R1.8 Thermofleece C2 m2 75 60 90 1 4 4 
Paint Finish 
Typical application of 
acrylic paint, seal and 2 
coats 
Enamel paint, seal 
and 2 coats & more 
difficult application 
m2 10 8 12 3 2 1 
Particle Board Kopine Ultralock  Pynefloor Gold m2 75 60 90 2 3 1 
Plaster Finish Hardwall Tyrolean  m2 50 40 60 4 4 1 
Prefinished Metal     m2 40 35 50 4 3 3 
Softboard / Pinex Tiles / Lining 
13 thick wood fibre 
panels 
38 thick wood fibre 
panels, acoustic 
m2 50 40 60 2 3 1 
Suspended Panel (incl Frame) 
Exposed suspension 
system with fibrous 
plaster acoustic tiles 
Concealed 
suspension system 
with tiles 
m2 40 30 50 4 3 1 
Suspended Panel (incl Frame), 
Acoustic 
    m2 50 40 60 3 3 3 
Suspended Panel (incl Frame), 
Plasterboard 
    m2 50 40 60 3 3 3 
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Timber Lining T & G pine Shiplap panelling m2 75 60 90 2 3 1 
F
ix
tu
re
s
 &
 F
it
ti
n
g
s
 
Dishwasher     no 10 8 13 2 3 3 
Fixed Desks, Tables, Seating 
Workstation, medium 
quality 
Workstation, high 
quality 
no 20 16 25 3 4 3 
Fixed Seating Base timber seating 
High specification 
seating  
no 20 16 25 3 4 3 
Grabrails 
600mm long, 25mm dia, 
stainless steel 
750mm x 750mm, 
32mm dia, stainless 
steel 
no 25 20 40 3 3 3 
Hand dryer     no 10 9 12 4 2 3 
Handrail Stainless 
600mm long, 25mm dia, 
stainless steel 
750mm x 750mm, 
32mm dia, stainless 
steel 
ea 25 20 40 5 3 3 
Holland Blinds     m2 40 30 50 4 3 3 
Joinery Fttgs - Built-In Painted MDF 
Melamine carcass 
with solid Rimu fronts 
m 40 32 48 3 3 3 
Kitchen Bench and Joinery     m 25 20 30 3 5 3 
Kitchen Bench S/S 
Unpainted MDF with SS 
top 
Melamine with solid 
Rimu fronts SS top 
m 40 30 45 3 5 4 
Mirror Clear float, 1m x 1m 6 thick polycarbonate ea 20 16 30 4 3 3 
Paint Finish 
Typical application of 
acrylic paint, seal and 2 
coats 
Enamel paint, seal 
and 2 coats & more 
difficult application 
m2 10 8 12 4 4 1 
Shelving Pine no finish 18 thick melamine m 35 28 42 2 3 3 
Stoves 
Average electric wall 
oven 
De-lux gas wall oven no 15 12 20 4 5 3 
Towel rail     no 15 10 20 1 1 3 
Work Benches Laminated top Stainless Steel top m 40 32 48 3 3 3 
Zip Heater 
remove, 45 litre, elec 
connex 
remove, 315 litre, elec 
connex 
no 25 20 30 4 4 3 
F
lo
o
r 
F
in
is
h
e
s
 Carpet 
Nylon loop pile, direct 
stick 
Heavy duty Axminster, 
double stick underlay 
m2 15 10 22 4 4 4 
Ceramic Tiles 
Glazed quarry tiles, 300 
x 300 
Ceramic mosaic tiles, 
50mm x 50mm 
m2 50 40 60 4 3 4 
Cork 
Cork tiles, sanding, 3 
coat polyurethane finish 
Cork tiles, sanding, 4 
coat poly 
m2 25 20 30 4 3 2 
Epoxy     m2 15 12 20 4 3 3 
Floating Timber 7 mm veneer system Solid timber (20 mm) m2 15 10 30 3 4 2 
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Floor - Particle Board Kopine Ultralock  
Premafloor purple 
tongue  
m2 75 60 90 2 3 2 
Floor - Timber T & G Jarrah incl finish Heart Rimu incl finish m2 75 60 90 3 3 3 
Paint Finish 
Typical application of 
acrylic paint, seal and 2 
coats 
Enamel paint, seal 
and 2 coats & more 
difficult application 
m2 10 8 12 5 3 1 
Parquet Boral Australian NZ hardwoods m2 50 40 60 4 3 3 
Polyurethane Finish Three coats Four coats m2 10 8 12 4 3 3 
Rubber 
2 thick smooth for light 
traffic  
4 thick studded for 
heavy traffic 
m2 35 28 42 4 3 3 
Stair Nosing Standard for vinyl 
Aluminium for carpet 
etc 
m 15 12 18 5 5 5 
Vinyl 2 thick standard sheet 
5.5 thick non slip 
sports 
m2 15 10 20 3 3 3 
In
te
ri
o
r 
D
o
o
rs
 
Accordion / Folding Accordian doors Larger doors m2 20 16 24 3 3 3 
Alum/ Safety glass     m2 20 15 24 3 2 5 
Alum/ Toughened glass     m2 25 18 30 3 4 3 
Doors - Hollow-Core 
Hollow core sgle doors 
incl frm plywood facing 
Hollow core dble 
doors incl frm plywood 
facing 
no 35 25 40 3 3 2 
Doors - Solid 
Solid core single door 
incl frame 
Solid core double door 
incl frame 
no 50 40 60 3 3 4 
Fire Doors 1/2 hour single  2 hour double no 50 40 60 2 5 5 
Glass Clear polycarbonate Tinted polycarbonate m2 50 40 60 3 4 3 
Metal Doors 
Zintec metal clad single 
door 
Stainless steel clad 
single door 
no 50 40 60 3 3 2 
Metal Roller Door Continuous curtain  Interlocking slat m2 35 28 42 3 3 2 
Paint Finish (Per Leaf) Base quality typical door 
High quality larger 
door (860x1980) 
no 10 8 12 5 3 1 
Polyurethane Finish (Per Leaf) Base quality typical door 
High quality larger 
door (860x1980) 
no 10 8 12 5 3 1 
Safety glass     m2 50 40 60 4 5 5 
Sliding Doors 
Aluminium glazed single 
door 
Larger door no 50 40 60 3 4 2 
Solid Core 
Solid core single door 
incl frame 
Solid core double door 
incl frame 
no 50 40 60 4 3 3 
Solid Core/ Glass 
Solid core single door 
incl frame 
Solid core double door 
incl frame 
no 50 40 60 4 3 3 
Solid Core/ Safety glass 
Solid core single door 
incl frame 
Solid core double door 
incl frame 
no 50 40 60 4 5 5 
Swing Doors - (Pair) (Smoke Stop) 1/2 hour double 2 hour double no 50 40 60 3 5 5 
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Timber Glass 
1980 x 760 single safety 
glass panel 
1980 x 760 two safety 
glass panel 
no 50 40 60 3 3 3 
In
te
ri
o
r 
W
a
ll
s
 
Int Window - Metal 
10mm tough clear glazed 
screen, al frame 
10mm tough tinted 
glazed screen, al 
frame 
m2 25 20 35 3 3 3 
Int Window - Timber 
Timber framed glazed 
screen, 4mm clear 
Timber framed glazed, 
6mm toughened 
m2 25 20 35 3 3 3 
Proprietary 
Office partitions incl steel 
frame & gib 
High spec partitions 
incl steel frame & gib - 
braced 
m2 20 15 25 3 4 2 
In
te
ri
o
r 
W
in
d
o
w
s
 Alum/ Glass     m2 50 45 55 4 4 3 
Alum/ Safety glass     m2 50 45 55 4 5 5 
Lead glass     m2 50 45 55 4 4 3 
Safety glass     m2 50 45 55 4 5 5 
W
a
ll
 F
in
is
h
e
s
 
Fibrolite 9.5mm - fibrous plaster 19mm - fibrous plaster m2 75 60 90 2 4 1 
Glass Clear polycarbonate Tinted polycarbonate m2 50 40 60 4 3 2 
Gyprock Lining     m2 45 35 55 2 3 1 
Hardboard 3mm hardboard 6mm hardboard m2 35 30 40 3 4 1 
Melteca / Seratone Seratone 
6mm thick Hardiglaze 
Premium 
m2 50 40 60 3 4 2 
Paint Finish 
Typical application of 
acrylic paint, seal and 2 
coats 
Enamel paint, seal 
and 2 coats & more 
difficult application 
m2 10 8 12 3 2 1 
Particle Board Kopine Ultralock  Pynefloor Gold m2 75 60 90 2 3 1 
Plaster Finish Hardwall Tyrolean  m2 45 35 55 4 4 1 
Plywood 7 thick plywood 21 thick plywood m2 75 60 90 3 3 1 
Prefinished Metal     m2 40 35 50 4 3 3 
Stainless steel     m2 40 35 50 4 3 3 
Tiles - Ceramic 150 x 150 ceramic 200 x 100 ceramic m2 50 40 60 4 4 4 
Timber Lining T & G pine Shiplap panelling m2 65 50 80 2 3 1 
Vinyl 2 thick standard sheet 
5.5 thick non slip 
sports 
m2 20 18 24 3 3 3 
Wallpaper Finish PC $30 a roll 
Imported vinyl fabric 
pc $17/m2 
m2 11 9 16 4 4 1 
Compone
nt Group 
Compone
nt Type 
Component 
Description of 'Low 
rates' 
Description of 
'High rates' 
 
Uni Useful Lives Criticality 
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t ID  Bas
e 
Lowe
r 
Uppe
r 
Appearan
ce 
Failur
e 
Safet
y 
L
if
ts
 /
 H
o
is
t 
S
e
rv
ic
e
s
 
V
e
rt
ic
a
l 
T
ra
n
s
p
o
rt
 
Car Interior & buttons Basic spec, small car High spec, large car no 18 15 20 4 4 2 
Car Structure     no 38 30 45 1 3 3 
Door sets 
Door operator and 
landing sets, low spec 
Door operator and 
landing sets, high 
spec 
no 25 20 30 4 5 4 
Lift controller     no 22 18 25 2 5 3 
Motor / Gears Motor, up to 10Kw Motor, over 10Kw no 15 12 18 1 4 2 
Compone
nt Group 
Compone
nt Type 
Component 
Description of 'Low 
rates' 
Description of 
'High rates' 
 
Uni
t ID  
Useful Lives Criticality 
    
Bas
e 
Lowe
r 
Uppe
r 
Appearan
ce 
Failur
e 
Safet
y 
M
e
c
h
a
n
ic
a
l 
S
e
rv
ic
e
s
 
A
ir
 D
is
tr
ib
u
ti
o
n
 
Ducting     sum 50 40 60 1 3 3 
Fire & Smoke Dampers     no 18 15 20 1 4 5 
Hepa Filters     no 4 3 5 1 5 5 
Supply Fans     no 11 7 15 1 4 3 
Variable Air Volume     no 15 10 20 1 4 4 
A
ir
 H
a
n
d
li
n
g
 U
n
it
s
 
AHU - Motor     no 15 10 20 1 3 3 
AHU Structure     no 35 30 40 1 2 2 
Duct Heaters     no 8 5 10 1 3 3 
Motorised valves     no 8 5 10 1 3 2 
Variable Speed Drives     no 8 5 10 1 4 4 
B
u
il
d
in
g
 
M
a
n
a
g
e
m
e
n
t 
S
y
s
te
m
 
Cabling / mech / elect     sum 43 35 50 1 3 1 
Computer /printer     no 18 15 20 1 3 2 
Controller / hard drive     no 18 15 20 1 3 3 
C
h
il
le
d
 W
a
te
r 
S
y
s
te
m
 Chiller - Compressor     no 11 10 13 1 3 3 
Chiller Structure     no 33 25 40 1 3 1 
Pipework 
Fire_Pipework_25 dia, 
screw fittings 
Fire_Pipework_150 
dia, grooved end joints 
& fittings 
sum 70 60 80 1 3 1 
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Pumps     no 12 9 15 1 3 3 
Valves     sum 50 40 60 1 3 2 
C
o
m
p
re
s
s
e
d
 
A
ir
/P
n
e
u
m
a
ti
c
s
 
Controller / Cabling     sum 43 35 50 1 3 2 
Dryers     no 11 7 15 1 4 3 
Engine     no 25 20 30 1 4 3 
Pipe work     sum 43 35 50 1 2 1 
Pneumatic valve actuators     no 18 15 20 1 4 3 
C
o
n
d
e
n
s
e
r 
W
a
te
r 
S
y
s
te
m
 Condensing Unit     no 18 14 22 1 4 3 
Cooling tower - infills     no 8 6 10 1 4 3 
Cooling tower - structure     no 33 25 40 2 3 1 
Fans/Motors     no 15 10 20 1 4 2 
Pipework 
Fire_Pipework_25 dia, 
screw fittings 
Fire_Pipework_150 
dia, grooved end joints 
& fittings 
sum 70 60 80 1 2 1 
Pumps     no 12 9 15 1 3 2 
Valves     no 50 40 60 1 3 2 
Water tank     no 40 30 50 1 2 1 
F
a
n
 
C
o
il
 
U
n
it
s
 
Fan Coil Unit     no 25 20 30 1 4 4 
H
e
a
ti
n
g
 S
y
s
te
m
 
Boiler - gas fired     no 28 20 35 2 4 4 
Burner     no 25 20 30 3 4 4 
Hot Water Cylinder 
Elect.disconnect,remove,
low p. 70litre,  
Elect. 
disconnect,remove,ma
ins p. 270 litre,  
no 25 20 30 3 5 1 
Hot water pumps     no 13 10 15 1 4 3 
Pipework 
Fire_Pipework_25 dia, 
screw fittings 
Fire_Pipework_150 
dia, grooved end joints 
& fittings 
sum 70 60 80 1 2 1 
Space Heaters 
Infra red strip heater, 
1100W 
Panel heater, 2000W 
wall mounted 
no 25 20 30 4 4 1 
Underflr/Wall &/Or Ceiling Heat. Electric Water fed m2 35 30 50 1 4 3 
Valves     no 50 40 60 1 3 2 
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H
V
A
C
 
C
o
n
tr
o
l 
S
y
s
te
m
 
HVAC Control System     sum 43 35 50 3 3 4 
S
p
li
t 
A
/C
 
U
n
it
s
 
Split A/C Units     no 9 7 10 3 4 4 
V
e
n
ti
la
ti
o
n
 
S
y
s
te
m
 
Axial Ventillation Fans 
315mm dia, 500l/sec 
@40Pa 
1000mm dia, 
10,000l/sec @400Pa 
no 20 5 30 3 3 3 
Centrifugal Ventilation Fans 
Single Width Single Inlet, 
2300/500 
Double WidthDouble 
Inlet, 20000/1500 
no 15 5 20 3 3 3 
Exhaust Fan     no 15 13 18 3 3 1 
Ventilation System     sum 43 35 50 3 3 4 
Compone
nt Group 
Compone
nt Type 
Component 
Description of 'Low 
rates' 
Description of 
'High rates' 
 
Uni
t ID  
Useful Lives Criticality 
    
Bas
e 
Lowe
r 
Uppe
r 
Appearan
ce 
Failur
e 
Safet
y 
P
lu
m
b
in
g
 
S
a
n
it
a
ry
 P
lu
m
b
in
g
 
Back Flow Valve     no 15 12 20 1 3 3 
Bath 
acrylic1525 long,2 taps, 
minor carpentry work 
acrylic 1800 long,2 
taps, minor carpentry 
work 
no 40 30 45 4 4 4 
Handbasin 
wall 
mount&brackets,acrylic, 
2 taps,connex 
wall 
mount&brackets,vit 
china, 2 taps,connex 
no 40 30 45 4 4 1 
Laundry Tub 
Stainless Steel 
,brackets,2 taps,connex 
Twin steel,brackets,2 
taps,timber cabinet 
no 50 40 60 3 3 3 
Safety Shower and Eyewash unit     no 25 20 30 4 3 3 
Shower Unit (Acrylic 3 Sided) 
base&waste, line 3 
sides,curtain,mixer & 
rose 
tiled foor & walls & 
glass enclosure 
no 25 20 30 4 4 1 
Tap 
Generic basin tap or 
Faucet 
Methven Classical 
Nilo NL92 basin faucet 
no 20 16 24 3 4 3 
Toilet - China Bowl /Cistern 
Vit. China,plastic 
seat&cistrn.cistrn tap 
Caroma Walvit wc 
suite&water wafer 
inwall cist, cistern tap 
no 35 30 45 3 4 3 
Toilet - S/S Urinal 
 5 litre ss cistern. 900 
long SS slab  urinal. 
Push button 
 28 litre ss cistern.ss 
slab urinal, trap, tread, 
1800mm, water saver 
IR sensor 
no 50 40 70 3 4 3 
Toilet Bowl & Cistern 
Vit. China,plastic 
seat&cistrn.cistrn tap 
Caroma Walvit wc 
suite&water wafer 
inwall cist, cistern tap 
no 35 30 45 3 4 1 
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Urinal 
5 litre steel cistern & 
china wall hung 
 28 litre ss 
cistern.Vitrous china 
wall hung urinal, trap 
no 35 30 45 3 4 1 
Vanity (Incl Basin) 
750 long completely 
melamine 
1500 long timber 
veneer 
no 40 30 45 4 4 1 
Compone
nt Group 
Compone
nt Type 
Component 
Description of 'Low 
rates' 
Description of 
'High rates' 
 
Uni
t ID  
Useful Lives Criticality 
    
Bas
e 
Lowe
r 
Uppe
r 
Appearan
ce 
Failur
e 
Safet
y 
S
e
c
u
ri
ty
 S
e
rv
ic
e
s
 
A
c
c
e
s
s
 
C
o
n
tr
o
l 
S
y
s
te
m
s
 
Cabling     sum 43 35 50 3 3 3 
Card readers / Keypad Proximity reader Card reader sum 10 8 12 3 4 3 
Controller Computer/badge printer etc     no 13 10 15 3 3 3 
C
C
T
V
 S
y
s
te
m
s
 
Cabling     sum 43 35 50 1 2 3 
Cameras Fixed lens internal 
Zoom lens low light 
external 
sum 13 10 15 3 4 4 
Controller / hard drive     no 18 15 20 1 4 4 
Monitors     no 18 15 20 3 4 4 
In
tr
u
d
e
r/
D
u
re
s
s
 
A
la
rm
 S
y
s
te
m
 
Cabling     sum 43 35 50 1 2 4 
Controller / hard drive     no 18 15 20 1 4 4 
Monitors     no 18 15 20 3 4 4 
Sensors     no 13 10 15 3 4 4 
S
p
e
c
ia
l 
S
e
rv
ic
e
s
 
Barrier Arms Typical arms Additional features no 20 16 24 4 5 4 
Card Reader Proximity reader Card reader no 20 16 24 3 5 5 
CCTV Camera / Monitor Fixed lens internal 
Zoom lens low light 
external 
no 7 6 9 4 5 5 
Elect. Security Sys. - Domestic Basic Additional detection no 15 12 18 3 5 5 
Generators (Standby) 7 kVA 100 kVA no 25 20 30 2 5 5 
Compone
nt Group 
Compone
nt Type 
Component 
Description of 'Low 
rates' 
Description of 
'High rates' 
 
Uni
t ID  
Useful Lives Criticality 
    
Bas
e 
Lowe
r 
Uppe
r 
Appearan
ce 
Failur
e 
Safet
y 
W
a
te
r 
S
e
rv
ic
e
s
 
D
o
m
e
s
ti
c
 
C
o
ld
 
W
a
te
r 
Dosing 
Pump, dose metering, 1-
5Ltr/hr 
Pump, dose metering, 
35Ltr/hr 
sum 13 10 15 1 5 5 
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Tanks- Pipes      sum 40 30 50 1 2 3 
Valves 
Bronze Gate Valve, 
25mm dia 
Cast Iron Globe Valve, 
150mm dia 
sum 25 20 30 1 3 3 
D
o
m
e
s
ti
c
 H
o
t 
W
a
te
r Circulation Pumps     no 13 10 15 1 3 5 
Tanks- Pipes      sum 40 30 50 1 2 2 
Treament     sum 13 10 15 1 3 3 
Valves 
Bronze Gate Valve, 
25mm dia 
Cast Iron Globe Valve, 
150mm dia 
sum 9 8 10 1 3 3 
Water Cylinder 
Elect.disconnect,remove,
low p. 70litre,  
Elect. 
disconnect,remove,ma
ins p. 270 litre,  
no 14 12 15 2 3 3 
W
a
rm
 W
a
te
r Dosing     no 20 16 24 1 3 3 
HWS systems/controls     sum 18 15 20 2 3 1 
Pipes and valves     sum 50 40 60 1 2 3 
Pumps 2 litre/sec @ 2m head 
30 litre/sec @ 18m 
head 
no 12 9 15 2 3 3 
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Appendix 2: Initial Deterioration Curves for Ceiling Finishes 
 
 
Base Condition 5 4 3 2 1
75 life 66.75 56.3 47.3 33.8 0
Remaining life 8.25 18.8 27.8 41.3 75
Lower life 53.4 45 37.8 27 0
60 Remaining life 6.6 15 22.2 33 60
Upper life 80.1 67.5 56.7 40.5 0
90 Remaining life 9.9 22.5 33.3 49.5 90
Base Condition 5 4 3 2 1
50 life 44.5 37.5 31.5 22.5 0
Remaining life 5.5 12.5 18.5 27.5 50
Lower life 35.6 30 25.2 18 0
40 Remaining life 4.4 10 14.8 22 40
Upper life 53.4 45 37.8 27 0
60 Remaining life 6.6 15 22.2 33 60
Base Condition 5 4 3 2 1
75 life 66.75 56.3 47.3 33.8 0
Remaining life 8.25 18.8 27.8 41.3 75
Lower life 53.4 45 37.8 27 0
60 Remaining life 6.6 15 22.2 33 60
Upper life 80.1 67.5 56.7 40.5 0
90 Remaining life 9.9 22.5 33.3 49.5 90
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Base Condition 5 4 3 2 1
75 life 66.75 56.3 47.3 33.8 0
Remaining life 8.25 18.8 27.8 41.3 75
Lower life 53.4 45 37.8 27 0
60 Remaining life 6.6 15 22.2 33 60
Upper life 80.1 67.5 56.7 40.5 0
90 Remaining life 9.9 22.5 33.3 49.5 90
Base Condition 5 4 3 2 1
10 life 8.9 7.5 6.3 4.5 0
Remaining life 1.1 2.5 3.7 5.5 10
Lower life 7.12 6 5.04 3.6 0
8 Remaining life 0.88 2 2.96 4.4 8
Upper life 10.68 9 7.56 5.4 0
12 Remaining life 1.32 3 4.44 6.6 12
Base Condition 5 4 3 2 1
75 life 66.75 56.3 47.3 33.8 0
Remaining life 8.25 18.8 27.8 41.3 75
Lower life 53.4 45 37.8 27 0
60 Remaining life 6.6 15 22.2 33 60
Upper life 80.1 67.5 56.7 40.5 0
90 Remaining life 9.9 22.5 33.3 49.5 90
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Base Condition 5 4 3 2 1
75 life 66.75 56.3 47.3 33.8 0
Remaining life 8.25 18.8 27.8 41.3 75
Lower life 53.4 45 37.8 27 0
60 Remaining life 6.6 15 22.2 33 60
Upper life 80.1 67.5 56.7 40.5 0
90 Remaining life 9.9 22.5 33.3 49.5 90
Base Condition 5 4 3 2 1
40 life 35.6 30 25.2 18 0
Remaining life 4.4 10 14.8 22 40
Lower life 31.15 26.3 22.1 15.8 0
35 Remaining life 3.85 8.75 13 19.3 35
Upper life 44.5 37.5 31.5 22.5 0
50 Remaining life 5.5 12.5 18.5 27.5 50
Base Condition 5 4 3 2 1
50 life 44.5 37.5 31.5 22.5 0
Remaining life 5.5 12.5 18.5 27.5 50
Lower life 35.6 30 25.2 18 0
40 Remaining life 4.4 10 14.8 22 40
Upper life 53.4 45 37.8 27 0
60 Remaining life 6.6 15 22.2 33 60
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Base Condition 5 4 3 2 1
40 life 35.6 30 25.2 18 0
Remaining life 4.4 10 14.8 22 40
Lower life 26.7 22.5 18.9 13.5 0
30 Remaining life 3.3 7.5 11.1 16.5 30
Upper life 44.5 37.5 31.5 22.5 0
50 Remaining life 5.5 12.5 18.5 27.5 50
Base Condition 5 4 3 2 1
50 life 44.5 37.5 31.5 22.5 0
Remaining life 5.5 12.5 18.5 27.5 50
Lower life 35.6 30 25.2 18 0
40 Remaining life 4.4 10 14.8 22 40
Upper life 53.4 45 37.8 27 0
60 Remaining life 6.6 15 22.2 33 60
Base Condition 5 4 3 2 1
50 life 44.5 37.5 31.5 22.5 0
Remaining life 5.5 12.5 18.5 27.5 50
Lower life 35.6 30 25.2 18 0
40 Remaining life 4.4 10 14.8 22 40
Upper life 53.4 45 37.8 27 0
60 Remaining life 6.6 15 22.2 33 60
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Base Condition 5 4 3 2 1
75 life 66.75 56.3 47.3 33.8 0
Remaining life 8.25 18.8 27.8 41.3 75
Lower life 53.4 45 37.8 27 0
60 Remaining life 6.6 15 22.2 33 60
Upper life 80.1 67.5 56.7 40.5 0
90 Remaining life 9.9 22.5 33.3 49.5 90
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Appendix 3: Sample of Markov process developed and applied in CAMS software 
 
 
 
 
 
 
 
 
 
 
 
0.680488 0.214425 0.076439 0.024786 0.003862 0.749652 0.18615 0.050885 0.012011 0.001301 0.515847 0.239629 0.136818 0.081494 0.026212
0 0.359574 0.325003 0.231284 0.084139 Cabinet 0 0.470427 0.325443 0.164436 0.039695 0 0.156403 0.228339 0.326162 0.289096
0 0 0.196194 0.419622 0.384184 0 0 0.307706 0.442357 0.249937 Electrical 0 0 0.045917 0.244133 0.70995 Exit signs
0 0 0 0.253553 0.746447 0 0 0 0.373006 0.626994 0 0 0 0.07776 0.92224
0 0 0 0 1 0 0 0 0 1 0 0 0 0 1
0.771747 0.175086 0.043179 0.009123 0.000865 0.849918 0.127224 0.020131 0.002584 0.000143 0.637868 0.228984 0.091615 0.035003 0.00653
0 0.509985 0.317572 0.142673 0.02977 exit Door 0 0.659082 0.262699 0.070001 0.008218 0 0.307706 0.309869 0.263967 0.118458 fire Blanket
0 0 0.348678 0.440379 0.210943 0 0 0.527732 0.376548 0.09572 Foundation 0 0 0.145393 0.390477 0.46413 extinguisher
0 0 0 0.418212 0.581788 0 0 0 0.59049 0.40951 0 0 0 0.200304 0.799696
0 0 0 0 1 0 0 0 0 1 0 0 0 0 1
0.815373 0.149922 0.029477 0.004867 0.000362 0.815373 0.149922 0.029731 0.004657 0.000318 0.769717 0.176618 0.043581 0.009211 0.000874
0 0.59049 0.29227 0.101061 0.016179 0 0.59049 0.297504 0.097717 0.014289 0 0.509985 0.317572 0.142673 0.02977
0 0 0.43851 0.413932 0.147559 Ceilling 0 0 0.459588 0.408863 0.131549 Ext. Wall 0 0 0.348678 0.440379 0.210943 Int Door
0 0 0 0.498421 0.501579 0 0 0 0.527732 0.472268 0 0 0 0.418212 0.581788
0 0 0 0 1 0 0 0 0 1 0 0 0 0 1
0.769717 0.176618 0.043581 0.009211 0.000874
0 0.509985 0.317572 0.142673 0.02977 Ext Door 0.769717 0.176618 0.043581 0.009211 0.000874 0.832502 0.13898 0.024694 0.003592 0.000233
0 0 0.348678 0.440379 0.210943 0 0.509985 0.317572 0.142673 0.02977 0 0.624032 0.27954 0.084722 0.011706 Stairs
0 0 0 0.418212 0.581788 0 0 0.348678 0.440379 0.210943 Roof 0 0 0.484262 0.395776 0.119962
0 0 0 0 1 0 0 0 0.418212 0.581788 0 0 0 0.542896 0.457104
0 0 0 0 1 0 0 0 0 1
0.828193 0.141643 0.025972 0.003925 0.000266
0 0.613813 0.283722 0.089467 0.012997 Fire Doors 0.798527 0.159747 0.034711 0.006477 0.000538 0.811135 0.152375 0.031048 0.005048 0.000394
0 0 0.470427 0.401134 0.128439 0 0.555276 0.303598 0.119537 0.021589 Windows 0 0.580714 0.300253 0.101895 0.017138 Wall
0 0 0 0.527732 0.472268 0 0 0.393904 0.430508 0.175587 0 0 0.443705 0.404615 0.151679
0 0 0 0 1 0 0 0 0.462279 0.537721 0 0 0 0.481469 0.518531
0.68824 0.211667 0.073564 0.02311 0.003419 0.811135 0.152375 0.031048 0.005048 0.000394 0.720342 0.199234 0.061569 0.01673 0.002125
0 0.37074 0.326865 0.225151 0.077243 Floor 0 0.580714 0.300253 0.101895 0.017138 0 0.420707 0.329675 0.193747 0.055871
0 0 0.207307 0.427756 0.364937 0 0 0.443705 0.404615 0.151679 Int. Wall 0 0 0.256906 0.438642 0.304452 Plumbing
0 0 0 0.270678 0.729322 0 0 0 0.481469 0.518531 0 0 0 0.31957 0.68043
0 0 0 0 1 0 0 0 0 1 0 0 0 0 1
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Appendix 4: Sample of Deterioration Curves 
 
 
 
Cabinet
0.680488 0.214425 0.076439 0.024786 0.003862
0 0.359574 0.325003 0.231284 0.084139
0 0 0.196194 0.419622 0.384184
0 0 0 0.253553 0.746447
0 0 0 0 1
1 2 3 4 5
0 1 0 0 0 0 1
5 0.680488 0.214425 0.076439 0.024786 0.003862 1.457109
10 0.463064 0.223015 0.136702 0.104819 0.0724 2.100477
15 0.315109 0.179483 0.134697 0.146997 0.223714 2.784723
20 0.214428 0.132105 0.108846 0.143115 0.401506 3.385167
25 0.145916 0.09348 0.08068 0.11783 0.562094 3.856707
30 0.099294 0.064901 0.057364 0.088968 0.689473 4.204425
35 0.067568 0.044628 0.039937 0.064101 0.783766 4.451868
40 0.045979 0.030535 0.027504 0.045008 0.850973 4.624459
45 0.031288 0.020839 0.018835 0.031155 0.897882 4.743505
50 0.021291 0.014202 0.01286 0.021398 0.930249 4.825111
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Fire Doors
0.828193 0.141643 0.025972 0.003925 0.000266
0 0.613813 0.283722 0.089467 0.012997
0 0 0.470427 0.401134 0.128439
0 0 0 0.527732 0.472268
0 0 0 0 1
1 2 3 4 5
0 1 0 0 0 0 1
5 0.828193 0.141643 0.025972 0.003925 0.000266 1.206429
10 0.685903 0.204251 0.073915 0.028413 0.007518 1.467391
15 0.56806 0.222526 0.110536 0.06561 0.033267 1.773499
20 0.470463 0.217051 0.129888 0.101103 0.081494 2.106113
25 0.389634 0.199867 0.134904 0.126724 0.148871 2.44533
30 0.322692 0.17787 0.130289 0.140402 0.228747 2.774641
35 0.267251 0.154886 0.120138 0.143538 0.314186 3.082521
40 0.221336 0.132926 0.107402 0.138847 0.399489 3.362228
45 0.183309 0.112942 0.093987 0.129118 0.480644 3.610846
50 0.151815 0.09529 0.081019 0.116665 0.55521 3.828166
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Exit Signs
0.515847 0.239629 0.136818 0.081494 0.026212
0 0.156403 0.228339 0.326162 0.289096
0 0 0.045917 0.244133 0.70995
0 0 0 0.07776 0.92224
0 0 0 0 1
1 2 3 4 5
0 1 0 0 0 0 1
5 0.515847 0.239629 0.136818 0.081494 0.026212 1.862597
10 0.266098 0.16109 0.131576 0.159935 0.281301 3.029251
15 0.137266 0.08896 0.079232 0.118786 0.575757 3.906809
20 0.070808 0.046806 0.042731 0.068781 0.770873 4.422105
25 0.036526 0.024288 0.022338 0.036818 0.880031 4.699538
30 0.018842 0.012551 0.011569 0.019215 0.937823 4.844625
35 0.009719 0.006478 0.005975 0.009948 0.967879 4.91979
40 0.005014 0.003342 0.003083 0.005137 0.983423 4.958614
45 0.002586 0.001724 0.001591 0.002651 0.991448 4.97865
50 0.001334 0.000889 0.000821 0.001368 0.995588 4.988986
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Plumbing
0.720342 0.199234 0.061569 0.01673 0.002125
0 0.420707 0.329675 0.193747 0.055871
0 0 0.256906 0.438642 0.304452
0 0 0 0.31957 0.68043
0 0 0 0 1
1 2 3 4 5
0 1 0 0 0 0 1
5 0.720342 0.199234 0.061569 0.01673 0.002125 1.381062
10 0.518893 0.227336 0.125851 0.083005 0.044916 1.907715
15 0.373781 0.199023 0.139226 0.134456 0.153514 2.494901
20 0.26925 0.1582 0.124394 0.148852 0.299304 3.05076
25 0.193952 0.1202 0.10069 0.137288 0.44787 3.524925
30 0.139712 0.089211 0.077436 0.114573 0.579068 3.904075
35 0.10064 0.065367 0.057906 0.090202 0.685884 4.195323
40 0.072496 0.047551 0.042623 0.068574 0.768756 4.413544
45 0.052222 0.034449 0.03109 0.051036 0.831204 4.574551
50 0.037617 0.024897 0.022559 0.037495 0.877431 4.692225
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Electrical
0.749652 0.18615 0.050885 0.012011 0.001301
0 0.470427 0.325443 0.164436 0.039695
0 0 0.307706 0.442357 0.249937
0 0 0 0.373006 0.626994
0 0 0 0 1
1 2 3 4 5
0 1 0 0 0 0 1
5 0.749652 0.18615 0.050885 0.012011 0.001301 1.329158
10 0.561979 0.227118 0.114385 0.066604 0.029915 1.775357
15 0.421289 0.211455 0.137707 0.119539 0.11001 2.285527
20 0.31582 0.177897 0.132627 0.145335 0.22832 2.792439
25 0.236755 0.142478 0.114776 0.145925 0.360066 3.250068
30 0.177484 0.111097 0.093733 0.131475 0.48621 3.63783
35 0.133052 0.085302 0.074029 0.110905 0.596713 3.952925
40 0.099742 0.064896 0.05731 0.08974 0.688311 4.201982
45 0.074772 0.049096 0.04383 0.070695 0.761607 4.395269
50 0.056053 0.037015 0.033269 0.054729 0.818933 4.543475
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Appendix 5: Depreciation of Value 
 
 
Cabinet
10M = 25,000.00$ 
25,000.00$  13,750.00$ 9,250.00$    6,250.00$    2,750.00$ 
1 2 3 4 5
0 1 0 0 0 0 25000
5 0.680487921 0.21442503 0.07643913 0.02478552 0.0038624 20833.135
10 0.46306381 0.22301527 0.1367015 0.10481935 0.0724001 16761.765
15 0.315109329 0.17948292 0.13469677 0.14699738 0.2237136 13125.515
20 0.214428092 0.13210468 0.10884581 0.14311501 0.4015064 10182.577
25 0.145915727 0.09348013 0.08067997 0.11782972 0.5620944 7961.7302
30 0.099293889 0.06490099 0.05736389 0.0889682 0.689473 6357.454
35 0.067568292 0.04462779 0.03993739 0.0641009 0.7837656 5228.2464
40 0.045979407 0.03053532 0.02750449 0.04500798 0.8509728 4445.2374
45 0.031288431 0.02083884 0.0188349 0.03115534 0.8978825 3906.8653
50 0.021291399 0.01420212 0.01285963 0.02139825 0.9302486 3538.4385
CONDITION
Dep.
Year
0
5000
10000
15000
20000
25000
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Depreciation of Value/Age
 $-
 $5,000.00
 $10,000.00
 $15,000.00
 $20,000.00
 $25,000.00
1 2 3 4 5
A
U
D
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Depreciation of Value/Condition
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Fire Doors
2040×1640 4,030.00$    
4,030.00$     2,216.50$    1,491.10$    1,007.50$    443.30$     
1 2 3 4 5
0 1 0 0 0 0 4,030.00$ 
5 0.828192771 0.14164345 0.02597204 0.00392525 0.0002665 3,694.37$ 
10 0.685903267 0.20425074 0.07391519 0.02841307 0.0075177 3,359.09$ 
15 0.568060127 0.22252556 0.11053647 0.0656105 0.0332673 3,028.18$ 
20 0.470463291 0.21705119 0.12988846 0.10110326 0.0814938 2,708.73$ 
25 0.389634297 0.19986699 0.13490417 0.1267238 0.1488707 2,408.06$ 
30 0.322692308 0.1778702 0.13028886 0.14040185 0.2287468 2,131.83$ 
35 0.267251437 0.15488638 0.1201381 0.14353808 0.314186 1,883.36$ 
40 0.221335708 0.13292577 0.10740198 0.13884743 0.3994891 1,663.74$ 
45 0.183308634 0.11294238 0.09398732 0.12911814 0.4806435 1,472.37$ 
50 0.151814885 0.09529003 0.08101933 0.11666548 0.5552103 1,307.50$ 
Year
CONDITION
Dep.
Three Hour Rated
Based on Rawlinsons
 $-
 $500.00
 $1,000.00
 $1,500.00
 $2,000.00
 $2,500.00
 $3,000.00
 $3,500.00
 $4,000.00
 $4,500.00
0 10 20 30 40 50 60
A
U
D
Age/Year
Depreciation of Value/Age
 $-
 $500.00
 $1,000.00
 $1,500.00
 $2,000.00
 $2,500.00
 $3,000.00
 $3,500.00
 $4,000.00
 $4,500.00
1 2 3 4 5
A
U
D
Age/Year
Depreciation of Value/Condition
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Exit Signs
270.00$  
270.00$        148.50$       99.90$          67.50$          29.70$       
1 2 3 4 5
0 1 0 0 0 0 270.00$     
5 0.515846551 0.23962894 0.13681825 0.08149387 0.0262124 194.81$     
10 0.266097664 0.16109048 0.13157608 0.15993506 0.2813007 128.06$     
15 0.137265562 0.08895976 0.07923178 0.1187856 0.5757573 83.31$       
20 0.070807967 0.04680639 0.04273147 0.06878149 0.7708727 57.88$       
25 0.036526045 0.0242883 0.02233763 0.03681751 0.8800305 44.32$       
30 0.018841835 0.01255146 0.01156906 0.01921486 0.9378228 37.26$       
35 0.009719495 0.00647814 0.00597511 0.00994785 0.9678794 33.60$       
40 0.005013768 0.00334227 0.00308337 0.00513727 0.9834233 31.71$       
45 0.002586335 0.00172419 0.00159072 0.00265094 0.9914478 30.74$       
50 0.001334152 0.00088943 0.0008206 0.00136762 0.9955882 30.24$       
Year
CONDITION
Dep.
10 W Fluorescent with two hour Battery
 $-
 $50.00
 $100.00
 $150.00
 $200.00
 $250.00
 $300.00
0 10 20 30 40 50 60
A
U
D
Age/Year
Depreciation of Value/Age
 $-
 $50.00
 $100.00
 $150.00
 $200.00
 $250.00
 $300.00
1 2 3 4 5
A
U
D
Age/Year
Depreciation of Value/Condition
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Plumbing
$57,200
57,200.00$  31,460.00$  21,164.00$  14,300.00$  6,292.00$     
1 2 3 4 5
0 1 0 0 0 0 57,200.00$ 
5 0.720342 0.199234 0.061569 0.016730 0.002125 49,027.13$ 
10 0.518893 0.227336 0.125851 0.083005 0.044916 40,965.74$ 
15 0.373781 0.199023 0.139226 0.134456 0.153514 33,476.72$ 
20 0.269250 0.158200 0.124394 0.148852 0.299304 27,022.55$ 
25 0.193952 0.120200 0.100690 0.137288 0.447870 21,787.76$ 
30 0.139712 0.089211 0.077436 0.114573 0.579068 17,718.84$ 
35 0.100640 0.065367 0.057906 0.090202 0.685884 14,644.08$ 
40 0.072496 0.047551 0.042623 0.068574 0.768756 12,362.40$ 
45 0.052222 0.034449 0.031090 0.051036 0.831204 10,688.57$ 
50 0.037617 0.024897 0.022559 0.037495 0.877431 9,469.40$    
Year
CONDITION
Dep.
Pipe work Water 150mm   $ 440,00/m
Total 
-$2,500.00
 $7,500.00
 $17,500.00
 $27,500.00
 $37,500.00
 $47,500.00
 $57,500.00
0 10 20 30 40 50 60
A
U
D
Age/Year
Depreciation of Value/Age
-$2,500.00
 $7,500.00
 $17,500.00
 $27,500.00
 $37,500.00
 $47,500.00
 $57,500.00
1 2 3 4 5
A
U
D
Age/Year
Depreciation of Value/Condition
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Electrical
$18,360
18,360.00$  10,098.00$  6,793.20$     4,590.00$     2,019.60$     
1 2 3 4 5
0 1 0 0 0 0 18,360.00$ 
5 0.749652 0.186150 0.050885 0.012011 0.001301 16,046.80$ 
10 0.561979 0.227118 0.114385 0.066604 0.029915 13,754.53$ 
15 0.421289 0.211455 0.137707 0.119539 0.110010 11,576.47$ 
20 0.315820 0.177897 0.132627 0.145335 0.228320 9,624.03$    
25 0.236755 0.142478 0.114776 0.145925 0.360066 7,962.25$    
30 0.177484 0.111097 0.093733 0.131475 0.486210 6,602.64$    
35 0.133052 0.085302 0.074029 0.110905 0.596713 5,521.27$    
40 0.099742 0.064896 0.057310 0.089740 0.688311 4,677.93$    
45 0.074772 0.049096 0.043830 0.070695 0.761607 4,028.96$    
50 0.056053 0.037015 0.033269 0.054729 0.818933 3,534.04$    
Year
CONDITION
Dep.
Power and Lighting  $ 540/ Unit, 34 Unit
Total 
-$1,500.00
 $500.00
 $2,500.00
 $4,500.00
 $6,500.00
 $8,500.00
 $10,500.00
 $12,500.00
 $14,500.00
 $16,500.00
 $18,500.00
0 10 20 30 40 50 60
A
U
D
Age/Year
Depreciation of Value/Age
-$1,500.00
 $500.00
 $2,500.00
 $4,500.00
 $6,500.00
 $8,500.00
 $10,500.00
 $12,500.00
 $14,500.00
 $16,500.00
 $18,500.00
1 2 3 4 5
A
U
D
Age/Year
Depreciation of Value/Condition
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